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Description

Technical Field

[0001] The present invention relates to a display device
having a plurality of data signal lines provided for each
column of pixels.

Background Art

[0002] In recent years, liquid crystal display appara-
tuses have been made larger and larger in size and high-
er and higher in definition. Accordingly, there have been
increases in the number of pixels and increases in wiring
resistance and the like of data signal lines. This has made
it difficult to sufficiently charge each pixel.
[0003] It should be noted here that Patent Literature 1
(see Fig. 29) discloses a configuration for simultaneously
selecting two consecutive scanning signal lines (namely,
a scanning signal line connected to odd-numbered pixels
and a scanning signal line connected to even-numbered
pixels) by providing each column of pixels with two data
signal lines (namely, a left-side data signal line and a
right-side data signal line), connecting the left-side data
signal line to the pixel electrodes of the odd-numbered
pixels contained in the same column of pixels, and con-
necting the right-side data signal line to the pixel elec-
trodes of the even-number pixels contained in the same
column of pixels. This configuration makes it possible to
simultaneously write data signal potentials to two pixels
adjacent to each other in the column-wise direction, thus
making it possible to raise the rate of rewriting on the
screen and increase charging time for each pixel.
[0004] US 2008/136759 A1 discloses a liquid crystal
display including: a plurality of pixel electrodes each hav-
ing a first sub-pixel electrode and a second sub-pixel
electrode that face each other in a diagonal direction; a
plurality of gate lines; and a plurality of data lines that
intersect the plurality of gate lines and at least partially
overlap the pixel electrodes.
[0005] US 5 659 375 A discloses a liquid crystal display
panel including an active matrix substrate. The active
matrix substrate includes: a substrate; a plurality of pixel
electrodes for driving a liquid crystal, the pixel electrodes
being arranged in rows and columns on the substrate; a
plurality of data signal lines for supplying data signals to
pixel electrodes of a corresponding column; a plurality of
switching devices for electrically connecting each data
signal line to the pixel electrodes of the corresponding
column; a plurality of scanning signal lines for controlling
the switching devices to be conductive; and a plurality of
storage capacitances respectively connected to termi-
nals of the switching devices which are connected to the
pixel electrodes. Each pixel electrode overlaps a corre-
sponding data signal line with an insulating film inter-
posed therebetween in a first region and overlaps an ad-
jacent data signal line which is connected to pixel elec-
trodes of a neighbor column with the insulating film inter-

posed therebetween in a second region. A first coupling
capacitance formed in the first region is substantially
equal to a second coupling capacitance formed in the
second overlap portion. The active matrix substrate re-
ceives the data signals in which polarities are inverted
between fields or frames and the polarities are different
between the corresponding one and the adjacent one of
the data signal lines.
[0006] US 2008/068524 A1 discloses a liquid crystal
display including: a first substrate, a plurality of pixels
arranged substantially in a matrix-shape on the first sub-
strate; a plurality of gate lines disposed on the first sub-
strate and which transmit gate signals to the pixels, and
a plurality of data lines which intersect the gate lines and
which transmit data voltages to the pixels, wherein at
least two adjacent gate lines are electrically connected
to each other.
[0007] US 2007/132684 A1 discloses a liquid crystal
display including a plurality of pixels arranged in a matrix
shape, a switching element connected to each pixel, data
lines and gate lines connected to the switching elements,
and a data driver generating data voltages and applying
the data voltages to the data lines. The data lines are
disposed at both sides of the pixels in pairs, and data
voltages of the same magnitude with different polarities
are applied to the pairs of data lines.

Citation List

Patent Literature 1

[0008] Japanese Patent Application Publication, Toku-
kaihei, No. 10-253987 A (Publication Date: August 10,
1998)

Summary of Invention

Technical Problem

[0009] The inventors of the present application found
that such provision of each column of pixels with a plu-
rality of data signal lines generates display unevenness
a possible cause of which is a parasitic capacitance be-
tween a pixel electrode contained in the column of pixels
and a data signal line corresponding to the pixel elec-
trode. The reason for the generation of such display un-
evenness is explained below with reference to Figs. 30
through 35.
[0010] Fig. 30 shows an example of a display (stripe
pattern of black and white lines surrounded by gray) im-
age that is supposed to be displayed. In the following,
for convenience of explanation, attention is paid to part
of the black and white stripe pattern of Fig. 30 as shown
in Fig. 31. In Fig. 31, the letters a to f and A to F each
correspond to a single pixel. That is, the pixels a, b, e, f,
A, B, E, and F display gray, the pixels c and C display
white, and the pixels d and D display black. Fig. 32 is an
equivalent circuit diagram showing part of a configuration
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of a conventional liquid crystal panel. In Fig. 32, the pixels
101 to 106 correspond to the pixels a to f of Fig. 31,
respectively, and the pixels 111 to 116 correspond to the
pixels A to F of Fig. 31, respectively.
[0011] A parasitic capacitance produced in each pixel
is explained here. Fig. 33 is an equivalent circuit diagram
showing the appearance of parasitic capacitances pro-
duced in the pixels 101, 102, 111, and 112. Fig. 33 shows
that the pixel 101 has a parasitic capacitance Csd_aq
produced between a pixel electrode 17a and a data signal
line 15q and a parasitic capacitance Csd_aQ produced
between the pixel electrode 17a and a data signal line
15Q, that the pixel 102 has a parasitic capacitance
Csd_bq produced between a pixel electrode 17b and the
data signal line 15q and a parasitic capacitance Csd_bQ
produced between the pixel electrode 17b and the data
signal line 15Q, that the pixel 111 has a parasitic capac-
itance Csd_Ar produced between a pixel electrode 17A
and a data signal line 15r and a parasitic capacitance
Csd_AR produced between the pixel electrode 17A and
a data signal line 15R, and that the pixel 112 has a par-
asitic capacitance Csd_Br produced between a pixel
electrode 17B and the data signal line 15r and a parasitic
capacitance Csd_BR produced between the pixel elec-
trode 17B and the data signal line 15R.
[0012] Fig. 34 is a timing chart showing a method (nor-
mally black mode) for driving a liquid crystal panel in dis-
playing the image of Fig. 31. Fig. 35 shows a display
image that is displayed by the driving method. In Fig. 34,
the reference sings Sp, SP, Sq, SQ, Sr, and SR refer to
data signals that are supplied to the data signal lines 15p,
15P, 15q, 15Q, 15r, and 15R (see Fig. 32), respectively,
the reference signs GPa, GPb, GPc, GPd, GPe, and GPf
refer to gate signals (scanning signals) that are supplied
to the scanning signal lines 16a, 16b, 16c, 16d, 16e, and
16f (see Fig. 32), respectively, and the reference signs
Va, Vb, VA, VB, Vc, Vd, Ve, and Vf refer to potentials
(pixel potentials) of the pixels electrodes 17a, 17b, 17A,
17B, 17c, 17d, 17e, and 17f (see Fig. 32), respectively.
[0013] According to the present driving method, as
shown in Fig. 34, two scanning signals are simultane-
ously selected at a time and each data signal line is sup-
plied with a data signal whose polarity is reversed every
single frame period, and during the same horizontal scan-
ning period, two data signal lines (15p and 15P, 15q and
15Q, 15r and 15R) corresponding to the same column
of pixels are supplied with data signals of opposite po-
larities while two adjacent data signal lines (15P and 15q,
15Q and 15r, 15R and 15s) are supplied with data signals
of the same polarity.
[0014] Specifically, in F1, of the consecutive frames
F1 and F2, the data signal line 15p, the data signal line
15Q, and the data signal line 15r are each supplied with
a data signal of a positive polarity during the kth horizontal
scanning period (including the scanning period for the
scanning signal lines 16a and 16b), supplied with a data
signal of a positive polarity during the (k+1)th horizontal
scanning period (including the scanning period for the

scanning signal lines 16c and 16d), and also supplied
with a data signal of a positive polarity during the (k+2)th
horizontal scanning period (including the scanning period
for the scanning signal lines 16e and 16f). Meanwhile,
the data signal line 15P, the data signal line 15q, and the
data signal line 15R are each supplied with a data signal
of a negative polarity during the kth horizontal scanning
period (including the scanning period for the scanning
signal lines 16a and 16b), supplied with a data signal of
a negative polarity during the (k+1)th horizontal scanning
period (including the scanning period for the scanning
signal lines 16c and 16d), and also supplied with a data
signal of a negative polarity during the (k+2)th horizontal
scanning period (including the scanning period for the
scanning signal lines 16e and 16f).
[0015] On the other hand, in F2, the data signal line
15p, the data signal line 15Q, and the data signal line 15r
are each supplied with a data signal of a negative polarity
during the kth horizontal scanning period (including the
scanning period for the scanning signal lines 16a and
16b), supplied with a data signal of a negative polarity
during the (k+1)th horizontal scanning period (including
the scanning period for the scanning signal lines 16c and
16d), and also supplied with a data signal of a negative
polarity during the (k+2)th horizontal scanning period (in-
cluding the scanning period for the scanning signal lines
16e and 16f). Meanwhile, the data signal line 15P, the
data signal line 15q, and the data signal line 15R are
each supplied with a data signal of a positive polarity
during the kth horizontal scanning period (including the
scanning period for the scanning signal lines 16a and
16b), supplied with a data signal of a positive polarity
during the (k+1)th horizontal scanning period (including
the scanning period for the scanning signal lines 16c and
16d), and also supplied with a data signal of a positive
polarity during the (k+2)th horizontal scanning period (in-
cluding the scanning period for the scanning signal lines
16e and 16f).
[0016] It should be noted here that the image of Fig.
31 is displayed (a) by, during the kth horizontal scanning
period, supplying the pixel electrodes 17a and 17b, re-
spectively connected to the scanning signal lines 16a
and 16b simultaneously selected, with data signals (the
pixel electrode 17a being supplied with a data signal of
a negative polarity corresponding to gray, the pixel elec-
trode 17b being supplied with a data signal of a positive
polarity corresponding to gray) of opposite polarities and
of equal magnitude (absolute value of voltage), (b) by,
during the (k+1)th horizontal scanning period, supplying
the pixel electrodes 17c and 17d, respectively connected
to the scanning signal lines 16c and 16d simultaneously
selected, with data signals (the pixel electrode 17c being
supplied with a data signal of a negative polarity corre-
sponding to white, the pixel electrode 17d being supplied
with a data signal of a positive polarity corresponding to
black) of opposite polarities and of different in magnitude
(absolute value of voltage), and (c) by, during the (k+2)th
horizontal scanning period, supplying the pixel elec-
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trodes 17e and 17f, respectively connected to the scan-
ning signal lines 16e and 16f simultaneously selected,
with data signals (the pixel electrode 17e being supplied
with a data signal of a negative polarity corresponding to
gray, the pixel electrode 17f being supplied with a data
signal of a positive polarity corresponding to gray) of op-
posite in polarities and of equal magnitude (absolute val-
ue of voltage).
[0017] Thus, the data signal line 15q is supplied with
a data signal of a negative polarity corresponding to gray
during the kth horizontal scanning period, is supplied with
a data signal of a negative polarity corresponding to white
during the (k+1)th horizontal scanning period, and is sup-
plied with a data signal of a negative polarity correspond-
ing to gray during the (k+2)th horizontal scanning period.
Meanwhile, the data signal line 15Q is supplied with a
data signal of a positive polarity corresponding to gray
during the kth horizontal scanning period, is supplied with
a data signal of a positive polarity corresponding to black
during the (k+1)th horizontal scanning period, and is sup-
plied with a data signal of a positive polarity correspond-
ing to gray during the (k+2)th horizontal scanning period.
That is, at the transition from the kth horizontal scanning
period to the (k+1)th horizontal scanning period, the po-
tentials of the data signals that are supplied to the data
signal lines 15q and 15Q change in a falling direction
(negative direction), and at the transition from the (k+1)th
horizontal scanning period to the (k+2)th horizontal scan-
ning period, the potentials of the data signals that are
supplied to the data signal lines 15q and 15Q change in
a rising direction (positive direction).
[0018] For this reason, in the pixel electrode 17a, for
example, the pixel potential Va (data signal of a negative
polarity corresponding to gray) written during the kth hor-
izontal scanning period changes in a falling direction
(negative direction) in the (k+1)th horizontal scanning pe-
riod due to the parasitic capacitances Csd_aq and
Csd_aQ between the pixel electrode 17a and the data
signal lines 15q and 15Q, respectively, and changes in
a rising direction (positive direction) in the (k+2)th hori-
zontal scanning period due to the parasitic capacitances
Csd_aq and Csd_aQ between the pixel electrode 17a
and the data signal lines 15q and 15Q, respectively (see
Fig. 34). Similarly, in the pixel electrode 17b, the pixel
potential Vb (data signal of a positive polarity correspond-
ing to gray) written during the kth horizontal scanning
period changes in a falling direction (negative direction)
in the (k-1)th horizontal scanning period due to the par-
asitic capacitances Csd_bq and Csd_bQ between the
pixel electrode 17b and the data signal lines 15q and
15Q, respectively, and changes in a rising direction (pos-
itive direction) in the (k+2)th horizontal scanning period
due to the parasitic capacitances Csd_aq and Csd_aQ
between the pixel electrode 17b and the data signal lines
15q and 15Q, respectively (see Fig. 34).
[0019] Meanwhile, in the pixel electrode 17e, the pixel
potential Ve (data signal of a positive polarity correspond-
ing to gray) written during the previous frame period

changes in a falling direction (negative direction) in the
(k+1)th horizontal scanning period due to the parasitic
capacitances Csd_eq and Csd_eQ (not illustrated) be-
tween the pixel electrode 17e and the data signal lines
15q and 15Q, respectively (see Fig. 34). Similarly, in the
pixel electrode 17f, the pixel potential Vf (data signal of
a negative polarity corresponding to gray) written during
the previous frame period changes in a falling direction
(negative direction) in the (k+1)th horizontal scanning pe-
riod due to the parasitic capacitances Csd_fq and
Csd_fQ (not illustrated) between the pixel electrode 17f
and the data signal lines 15q and 15Q, respectively (see
Fig. 34).
[0020] For this reason, as shown in Fig. 35, the pixel
a, which contains the pixel electrode 17a, produces a
brighter display (brighter gray) than it is supposed to pro-
duce, and the pixel b, which contains the pixel electrode
17b, produces a darker display (darker gray) than it is
supposed to produce. Further, the pixel e, which contains
the pixel electrode 17e, produces a darker display (darker
gray) than it is supposed to produce, and the pixel f, which
contains the pixel electrode 17f, produces a brighter dis-
play (brighter gray) than it is supposed to produce. This
is how the display image exhibits unevenness and/or
flickering. Such display unevenness appears more prom-
inently in an image having a pattern of more stripes as
shown in Fig. 30.
[0021] In view of the foregoing problems, the present
invention has as an object to enhance the display quality
of a display device having a plurality of data signal lines
provided for each column of pixels.

Solution to Problem

[0022] The above problems are solved by the claimed
matter according to the independent claims.
[0023] In order to solve the foregoing problems, a dis-
play device according to the present invention is a display
device including: a plurality of scanning signal lines; and
a plurality of data signal lines, two of which are provided
for each column of pixels containing a plurality of pixels
arranged in a column-wise direction in which the data
signal lines extend, in each column of pixels, a pixel elec-
trode contained in either of two pixels adjacent to each
other in the column-wise direction and a pixel electrode
contained in the other one of the two pixels adjacent to
each other being connected to different data signal lines
via transistors, respectively, for a first, a second, and a
third columns of pixels arranged in sequence, each pixel
electrode contained in the second column of pixels form-
ing a capacitance with either of the two data signal lines
provided for the first column of pixels and forming a ca-
pacitance with either of the two data signal lines provided
for the third column of pixels.
[0024] According to the foregoing configuration, the in-
fluence of a crosstalk due to parasitic capacitances
formed between each pixel electrode and data signal
lines corresponding to the pixel, respectively, can be
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curbed by capacitances formed between that pixel elec-
trode and data signal lines corresponding to both adja-
cent columns of pixels, respectively. This makes it pos-
sible to suppress a change in pixel potential in each pixel
electrode and thus enhance the display quality of the
liquid crystal display apparatus.

Advantageous Effects of Invention

[0025] As described above, a liquid crystal device ac-
cording to the present invention is configured such that
for a first, a second, and a third columns of pixels ar-
ranged in sequence, each pixel electrode contained in
the second column of pixels forms a capacitance with
either of the two data signal lines provided for the first
column of pixels and forms a capacitance with either of
the two data signal lines provided for the third column of
pixels. This makes it possible to enhance the display
quality of a display device having a plurality of data signal
lines provided for each column of pixels.

Brief Description of Drawings

[0026]

Fig. 1
Fig. 1 is an equivalent circuit diagram showing part
of a liquid crystal panel (Example Configuration 1)
according to the present embodiment.
Fig. 2
Fig. 2 is an equivalent circuit diagram showing the
appearance of capacitances formed in pixels 101,
102, 111, and 112 of the liquid crystal panel of Fig. 1.
Fig. 3
Fig. 3 is a timing chart showing a method for driving
the liquid crystal panel of Fig. 1.
Fig. 4
Fig. 4 is a schematic view showing a display state
of the liquid crystal panel by the driving method of
Fig. 3.
Fig. 5
Fig. 5 is a plan view showing a configuration of the
liquid crystal panel of Fig. 1.
Fig. 6
Fig. 6 is a cross-sectional view of the liquid crystal
panel as taken along the arrow X-Y of Fig. 5.
Fig. 7
Fig. 7 is an equivalent circuit diagram showing part
of a configuration of a liquid crystal panel in Example
Configuration 2.
Fig. 8
Fig. 8 is an equivalent circuit diagram showing the
appearance of capacitances formed in pixels 101,
102, 103, 111, 112, and 113 of the liquid crystal panel
of Fig. 7.
Fig. 9
Fig. 9 is a timing chart showing a method for driving
the liquid crystal panel of Fig. 7.

Fig. 10
Fig. 10 is a schematic view showing a display state
of the liquid crystal panel by the driving method of
Fig. 9.
Fig. 11
Fig. 11 is a plan view showing a configuration of the
liquid crystal panel of Fig. 7.
Fig. 12
Fig. 12 is an equivalent circuit diagram showing part
of a configuration of a liquid crystal panel in Example
Configuration 3.
Fig. 13
Fig. 13 is an equivalent circuit diagram showing the
appearance of capacitances formed in pixels 101,
102, 111, and 112 of the liquid crystal panel of Fig. 12.
Fig. 14
Fig. 14 is a timing chart showing a method for driving
the liquid crystal panel of Fig. 12.
Fig. 15
Fig. 15 is a plan view showing a configuration of the
liquid crystal panel of Fig. 12.
Fig. 16
Fig. 16 is an equivalent circuit diagram showing part
of a configuration of a liquid crystal panel in Example
Configuration 4.
Fig. 17
Fig. 17 is an equivalent circuit diagram showing part
of a configuration of a liquid crystal panel in Example
Configuration 5.
Fig. 18
Fig. 18 is an equivalent circuit diagram showing the
appearance of capacitances formed in pixels 101,
102, 111, and 112 of the liquid crystal panel of Fig. 17.
Fig. 19
Fig. 19 is a timing chart showing a method for driving
the liquid crystal panel of Fig. 17.
Fig. 20
Fig. 20 is a schematic view showing a display state
of the liquid crystal panel by the driving method of
Fig. 19.
Fig. 21
Fig. 21 is a diagram showing an example of an image
that is supposed to be displayed.
Fig. 22
Fig. 22 is a set of schematic views (a) and (b) showing
a configuration of the present liquid crystal display
unit and a configuration of the present liquid crystal
display apparatus, respectively.
Fig. 23
Fig. 23 is a circuit diagram showing another config-
uration of a source driver.
Fig. 24
Fig. 24 is a circuit diagram showing still another con-
figuration of a source driver.
Fig. 25
Fig. 25 is a block diagram explaining an overall con-
figuration of the present liquid crystal display appa-
ratus.
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Fig. 26
Fig. 26 is a block diagram explaining a function of
the present liquid crystal display apparatus.
Fig. 27
Fig. 27 is a block diagram explaining a function of
the present television receiver.
Fig. 28
Fig. 28 is an exploded perspective view showing a
configuration of the present television receiver.
Fig. 29
Fig. 29 is a plan view showing a configuration of a
conventional liquid crystal display apparatus.
Fig. 30
Fig. 30 is a diagram showing an example of an image
that is supposed to be displayed.
Fig. 31
Fig. 31 is a diagram showing part of the image of
Fig. 30.
Fig. 32
Fig. 32 is an equivalent circuit diagram showing part
of a configuration of a conventional liquid crystal pan-
el.
Fig. 33
Fig. 33 is an equivalent circuit diagram showing the
appearance of parasitic capacitances produced in
pixels 101, 102, 111, and 112 of a conventional liquid
crystal panel.
Fig. 34
Fig. 34 is a timing chart showing a method for driving
a liquid crystal panel in displaying the image of Fig.
31.
Fig. 35
Fig. 35 is a diagram showing a display image that is
displayed by the driving method of Fig. 34.

Description of Embodiments

[0027] Examples of embodiments according to the
present invention are described below with reference to
the drawings. For convenience of explanation, the fol-
lowing description assumes that the term "column-wise
direction" means the direction in which the data signal
lines extend and the term "row-wise direction" means the
direction in which the scanning signal lines extend. Note,
however, that depending on how the present liquid crystal
display apparatus (or the liquid crystal panel and the ac-
tive-matrix substrate that are used in the present liquid
crystal display apparatus) is used (viewed), the scanning
signal lines may extend in a transverse direction or in a
longitudinal direction. Note, also, that each pixel region
of the active-matrix substrate corresponds to a single pix-
el of the liquid crystal panel.
[0028] Fig. 1 is an equivalent circuit diagram showing
part of a liquid crystal panel according to the present em-
bodiment. As shown in Fig. 1, the present liquid crystal
panel 10 has data signal lines 15p, 15P, 15q, 15Q, 15r,
15R, 15s, and 15S arranged in this order, and has scan-
ning signal lines 16a, 16b, 16c, 16d, 16e, and 16f extend-

ing in the row-wise direction (in the drawing, a horizontal
direction) and arranged in this order. The present liquid
crystal panel 10 has a pixel 101 provided at intersections
between the data signal lines 15q and 15Q and the scan-
ning signal line 16a, a pixel 102 provided at intersections
between the data signal lines 15q and 15Q and the scan-
ning signal line 16b, and a pixel 103 provided at inter-
sections between the data signal lines 15q and 15Q and
the scanning signal line 16c. The present liquid crystal
panel 10 also has pixels 104, 105, and 106 provided in
similar manners.
[0029] Further, the present liquid crystal panel 10 has
a pixel 111 provided at intersections between the data
signal lines 15r and 15R and the scanning signal line
16a, a pixel 112 provided at intersections between the
data signal lines 15r and 15R and the scanning signal
line 16b, and a pixel 113 provided at intersections be-
tween the data signal lines 15r and 15R and the scanning
signal line 16c. The present liquid crystal panel 10 also
has pixels 114, 115, and 116 provided in similar manners.
[0030] The present liquid crystal panel 10 has a reten-
tion capacitor wire 18a provided for the pixels 101 and
111, a retention capacitor wire 18b provided for the pixels
102 and 112, a retention capacitor wire 18c provided for
the pixels 103 and 113, a retention capacitor wire 18d
provided for the pixels 104 and 114, a retention capacitor
wire 18e provided for the pixels 105 and 115, and a re-
tention capacitor wire 18f provided for the pixels 106 and
116.
[0031] It should be noted here that the data signal lines
15p and 15P correspond to a column of pixels α (first
column of pixels) containing a plurality of pixels arranged
in the column-wise direction, that the data signal lines
15q and 15Q correspond to a column of pixels β (second
column of pixels) containing the pixels 101 to 106, and
that the data signal lines 15r and 15R correspond to a
column of pixels γ (third column of pixels) containing the
pixels 111 to 116.
[0032] Furthermore, each pixel is provided with a pixel
electrode. The pixel 101 has its pixel electrode 17a con-
nected to the data signal line 15q via a transistor 12a
connected to the scanning signal line 16a. The pixel 102
has its pixel electrode 17b connected to the data signal
line 15Q via a transistor 12b connected to the scanning
signal line 16b. The pixel 103 has its pixel electrode 17c
connected to the data signal line 15q via a transistor 12c
connected to the scanning signal line 16c. The pixel 104
has its pixel electrode 17d connected to the data signal
line 15Q via a transistor 12d connected to the scanning
signal line 16d. The pixel 105 has its pixel electrode 17e
connected to the data signal line 15q via a transistor 12e
connected to the scanning signal line 16e. The pixel 106
has its pixel electrode 17f connected to the data signal
line 15Q via a transistor 12f connected to the scanning
signal line 16f.
[0033] Meanwhile, the pixel 111 has its pixel electrode
17A connected to the data signal line 15r via a transistor
12A connected to the scanning signal line 16a. The pixel
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112 has its pixel electrode 17B connected to the data
signal line 15R via a transistor 12B connected to the scan-
ning signal line 16b. The pixel 113 has its pixel electrode
17C connected to the data signal line 15r via a transistor
12C connected to the scanning signal line 16c. The pixel
114 has its pixel electrode 17D connected to the data
signal line 15R via a transistor 12D connected to the
scanning signal line 16d. The pixel 115 has its pixel elec-
trode 17E connected to the data signal line 15r via a
transistor 12E connected to the scanning signal line 16e.
The pixel 116 has its pixel electrode 17F connected to
the data signal line 15R via a transistor 12F connected
to the scanning signal line 16f.
[0034] That is, the data signal line 15Q, connected to
the respective pixel electrodes (17b, 17d, 17f) of the
even-numbered pixels (102, 104, 106) of the column of
pixels β, and the data signal line 15r, connected to the
respective pixel electrodes (17a, 17c, 17e) of the odd-
numbered pixels (111, 113, 115) of the column of pixels
γ, are adjacent to each other.
[0035] Further, the scanning signal line 16a, which cor-
responds to the pixel electrode 17a of the pixel 101 and
the pixel electrode 17A of the pixel 111, and the scanning
signal line 16b, which corresponds to the pixel electrode
17b of the pixel 102 and the pixel electrode 17B of the
pixel 112, are electrically connected to each other inside
or outside of the panel, so that the scanning signal lines
16a and 16b are simultaneously selected. Further, the
scanning signal line 16c, which corresponds to the pixel
electrode 17c of the pixel 103 and the pixel electrode
17C of the pixel 113, and the scanning signal line 16d,
which corresponds to the pixel electrode 17d of the pixel
104 and the pixel electrode 17D of the pixel 114, are
electrically connected to each other inside or outside of
the panel, so that the scanning signal lines 16c and 16d
are simultaneously selected. Further, the scanning signal
line 16e, which corresponds to the pixel electrode 17e of
the pixel 105 and the pixel electrode 17E of the pixel 115,
and the scanning signal line 16f, which corresponds to
the pixel electrode 17f of the pixel 106 and the pixel elec-
trode 17F of the pixel 116, are electrically connected to
each other inside or outside of the panel, so that the scan-
ning signal lines 16e and 16f are simultaneously select-
ed. It should be noted that a configuration is possible in
which each of the pairs of scanning signal lines, namely
the scanning signal lines 16a and 16b, the scanning sig-
nal lines 16c and 16d, or the scanning signal lines 16e
and 16f, are simultaneously selected without being elec-
trically connected to each other inside or outside of the
panel.
[0036] The liquid crystal panel 10 thus configured has
a retention capacitance Cha formed between the reten-
tion capacitor wire 18a and the pixel electrode 17a, a
retention capacitance Chb formed between the retention
capacitor wire 18b and the pixel electrode 17b, a retention
capacitance Chc formed between the retention capacitor
wire 18c and the pixel electrode 17c, a retention capac-
itance Chd formed between the retention capacitor wire

18d and the pixel electrode 17d, a retention capacitance
Che formed between the retention capacitor wire 18e
and the pixel electrode 17e, and a retention capacitance
Chf formed between the retention capacitor wire 18f and
the pixel electrode 17f. Similarly, the liquid crystal panel
10 thus configured has a retention capacitance ChA
formed between the retention capacitor wire 18a and the
pixel electrode 17A, a retention capacitance ChB formed
between the retention capacitor wire 18b and the pixel
electrode 17B, a retention capacitance ChC formed be-
tween the retention capacitor wire 18c and the pixel elec-
trode 17C, a retention capacitance ChD formed between
the retention capacitor wire 18d and the pixel electrode
17D, a retention capacitance ChE formed between the
retention capacitor wire 18e and the pixel electrode 17E,
and a retention capacitance ChF formed between the
retention capacitor wire 18f and the pixel electrode 17F.
[0037] As shown in Fig. 33, parasitic capacitances are
produced between the pixel electrodes and the data sig-
nal lines for structural reasons. That is, the pixel 101 has
the parasitic capacitance Csd_aq produced between the
pixel electrode 17a and the data signal line 15q and the
parasitic capacitance Csd_aQ produced between the
pixel electrode 17a and the data signal line 15Q. The
pixel 102 has the parasitic capacitance Csd_bq produced
between the pixel electrode 17b and the data signal line
15q and the parasitic capacitance Csd_bQ produced be-
tween the pixel electrode 17b and the data signal line
15Q. The pixel 111 has a parasitic capacitance Csd_Ar
produced between the pixel electrode 17A and the data
signal line 15r and a parasitic capacitance Csd_AR pro-
duced between the pixel electrode 17A and the data sig-
nal line 15R. The pixel 112 has a parasitic capacitance
Csd_Br produced between the pixel electrode 17B and
the data signal line 15r and a parasitic capacitance
Csd_BR produced between the pixel electrode 17B and
the data signal line 15R. For convenience, Fig. 1 omits
to illustrate the parasitic capacitances.
[0038] Due to such structural parasitic capacitances,
there has conventionally been such a problem that
changes in pixel potential after writing of data signals to
the pixel electrodes cause display unevenness (see Figs.
34 and 35).
[0039] In view of this problem, the present invention
has a configuration in which such changes in pixel po-
tential are suppressed by each pixel electrode’s forming
a capacitance with each of the data signal lines respec-
tively corresponding to both adjacent columns of pixels.
[0040] Specifically, Fig. 1 shows that the pixel 101 has
a capacitance CaP formed between the pixel electrode
17a and the data signal line 15P and a capacitance Car
formed between the pixel electrode 17a and the data
signal line 15r, that the pixel 102 has a capacitance CbP
formed between the pixel electrode 17b and the data
signal line 15P and a capacitance Cbr formed between
the pixel electrode 17b and the data signal line 15r, that
the pixel 103 has a capacitance CcP formed between
the pixel electrode 17c and the data signal line 15P and
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a capacitance Ccr formed between the pixel electrode
17c and the data signal line 15r, that the pixel 104 has a
capacitance CdP formed between the pixel electrode 17d
and the data signal line 15P and a capacitance Cdr
formed between the pixel electrode 17d and the data
signal line 15r, that the pixel 105 has a capacitance CeP
formed between the pixel electrode 17e and the data
signal line 15P and a capacitance Cer formed between
the pixel electrode 17e and the data signal line 15r, and
that the pixel 106 has a capacitance CfP formed between
the pixel electrode 17f and the data signal line 15P and
a capacitance Cfr formed between the pixel electrode
17f and the data signal line 15r.
[0041] Similarly, the pixel 111 has a capacitance CAQ
formed between the pixel electrode 17A and the data
signal line 15Q and a capacitance CAs formed between
the pixel electrode 17A and the data signal line 15s. The
pixel 112 has a capacitance CBQ formed between the
pixel electrode 17B and the data signal line 15Q and a
capacitance CBs formed between the pixel electrode 17B
and the data signal line 15s. The pixel 113 has a capac-
itance CCQ formed between the pixel electrode 17C and
the data signal line 15Q and a capacitance CCs formed
between the pixel electrode 17C and the data signal line
15s. The pixel 114 has a capacitance CDQ formed be-
tween the pixel electrode 17d and the data signal line
15Q and a capacitance CDs formed between the pixel
electrode 17D and the data signal line 15s. The pixel 115
has a capacitance CEQ formed between the pixel elec-
trode 17E and the data signal line 15Q and a capacitance
CEs formed between the pixel electrode 17E and the
data signal line 15s. The pixel 116 has a capacitance
CFQ formed between the pixel electrode 17F and the
data signal line 15Q and a capacitance CFs formed be-
tween the pixel electrode 17F and the data signal line 15s.
[0042] Fig. 2 is an equivalent circuit diagram showing
the appearance of the capacitances formed in the pixels
101, 102, 111, and 112 of the present liquid crystal panel.
As shown in Fig. 2, each pixel electrode forms parasitic
capacitances with the data signal lines corresponding to
the pixel, respectively, and forms capacitances with the
data signal lines corresponding to both adjacent columns
of pixels, respectively. For example, the pixel electrode
17b forms the parasitic capacitances Csd_bq and
Csd_bQ with the data signal lines 15q and 15Q corre-
sponding to the pixel 102, respectively, and forms the
capacitances CbP and Cbr with the data signal lines 15P
and 15r corresponding to both adjacent columns of pixels
α and γ, respectively.

(Method for Driving a Liquid Crystal Panel)

[0043] Fig. 3 is a timing chart showing a method (nor-
mally black mode) for driving the liquid crystal panel of
Fig. 1. It should be noted that the reference sings Sp,
SP, Sq, SQ, Sr, and SR refer to data signals that are
supplied to the data signal lines 15p, 15P, 15q, 15Q, 15r,
and 15R (see Fig. 1), respectively, that the reference

signs GPa, GPb, GPc, GPd, GPe, and GPf refer to gate
signals (scanning signals) that are supplied to the scan-
ning signal lines 16a, 16b, 16c, 16d, 16e, and 16f (see
Fig. 1), respectively, and that the reference signs Va, Vb,
VA, VB, Vc, Vd, Ve, and Vf refer to potentials (pixel po-
tentials) of the pixels electrodes 17a, 17b, 17A, 17B, 17c,
17d, 17e, and 17f (see Fig. 1), respectively.
[0044] According to the present driving method, as
shown in Fig. 3, two scanning signals are simultaneously
selected at a time and each data signal line is supplied
with a data signal whose polarity is reversed every single
frame period, and during the same horizontal scanning
period, two data signal lines (15p and 15P, 15q and 15Q,
15r and 15R) corresponding to the same column of pixels
are supplied with data signals of opposite polarities while
two adjacent data signal lines (15P and 15q, 15Q and
15r, 15R and 15s) are supplied with data signals of the
same polarity.
[0045] Specifically, in F1, of the consecutive frames
F1 and F2, the data signal line 15p, the data signal line
15Q, and the data signal line 15r are each supplied with
a data signal of a positive polarity during the kth horizontal
scanning period (including the scanning period for the
scanning signal lines 16a and 16b), supplied with a data
signal of a positive polarity during the (k+1)th horizontal
scanning period (including the scanning period for the
scanning signal lines 16c and 16d), and also supplied
with a data signal of a positive polarity during the (k+2)th
horizontal scanning period (including the scanning period
for the scanning signal lines 16e and 16f). Meanwhile,
the data signal line 15P, the data signal line 15q, and the
data signal line 15R are each supplied with a data signal
of a negative polarity during the kth horizontal scanning
period (including the scanning period for the scanning
signal lines 16a and 16b), supplied with a data signal of
a negative polarity during the (k+1)th horizontal scanning
period (including the scanning period for the scanning
signal lines 16c and 16d), and also supplied with a data
signal of a negative polarity during the (k+2)th horizontal
scanning period (including the scanning period for the
scanning signal lines 16e and 16f). Moreover, at the same
time as the start of the kth horizontal scanning period, a
pulse of the gate pulse signal (gate-on pulse signal) GPa
and a pulse of the gate pulse signal GPb are raised. At
the same time as the start of the (k+1)th horizontal scan-
ning period (i.e., as the end of the kth horizontal scanning
period), the pulses of GPa and GPb are dropped and a
pulse of the gate pulse signal GPc and a pulse of the
gate pulse signal GPd are raised. At the same time as
the start of the (k+2)th horizontal scanning period (i.e.,
as the end of the (k+1)th horizontal scanning period), the
pulses of GPc and GPd are dropped and a pulse of the
gate pulse signal GPe and a pulse of the gate pulse signal
GPf are raised.
[0046] Thus, as shown in the frame F1 of Fig. 4, a data
signal of a negative polarity, a data signal of a positive
polarity, a data signal of a negative polarity, a data signal
of a positive polarity, a data signal of a negative polarity,
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and a data signal of a positive polarity are written to the
pixel electrode 17a of the pixel 101, the pixel electrode
17b of the pixel 102, the pixel electrode 17c of the pixel
103, the pixel electrode 17d of the pixel 104, the pixel
electrode 17e of the pixel 105, and the pixel electrode
17f of the pixel 106, respectively. Similarly, a data signal
of a positive polarity, a data signal of a negative polarity,
a data signal of a positive polarity, a data signal of a
negative polarity, a data signal of a positive polarity, and
a data signal of a negative polarity are written to the pixel
electrode 17A of the pixel 111, the pixel electrode 17B
of the pixel 112, the pixel electrode 17C of the pixel 113,
the pixel electrode 17D of the pixel 114, the pixel elec-
trode 17E of the pixel 115, and the pixel electrode 17F
of the pixel 116, respectively.
[0047] On the other hand, in F2, the data signal line
15p, the data signal line 15Q, and the data signal line 15r
are each supplied with a data signal of a negative polarity
during the kth horizontal scanning period (including the
scanning period for the scanning signal lines 16a and
16b), supplied with a data signal of a negative polarity
during the (k+1)th horizontal scanning period (including
the scanning period for the scanning signal lines 16c and
16d), and also supplied with a data signal of a negative
polarity during the (k+2)th horizontal scanning period (in-
cluding the scanning period for the scanning signal lines
16e and 16f). Meanwhile, the data signal line 15P, the
data signal line 15q, and the data signal line 15R are
each supplied with a data signal of a positive polarity
during the kth horizontal scanning period (including the
scanning period for the scanning signal lines 16a and
16b), supplied with a data signal of a positive polarity
during the (k+1)th horizontal scanning period (including
the scanning period for the scanning signal lines 16c and
16d), and also supplied with a data signal of a positive
polarity during the (k+2)th horizontal scanning period (in-
cluding the scanning period for the scanning signal lines
16e and 16f). Moreover, at the same time as the start of
the kth horizontal scanning period, the pulse of the gate
pulse signal (gate-on pulse signal) GPa and the pulse of
the gate pulse signal GPb are raised. At the same time
as the start of the (k+1)th horizontal scanning period (i.e.,
as the end of the kth horizontal scanning period), the
pulses of GPa and GPb are dropped and a pulse of the
gate pulse signal GPc and a pulse of the gate pulse signal
GPd are raised. At the same time as the start of the
(k+2)th horizontal scanning period (i.e., as the end of the
(k+1)th horizontal scanning period), the pulses of GPc
and GPd are dropped and a pulse of the gate pulse signal
GPe and a pulse of the gate pulse signal GPf are raised.
[0048] Thus, as shown in the frame F2 of Fig. 4, a data
signal of a positive polarity, a data signal of a negative
polarity, a data signal of a positive polarity, a data signal
of a negative polarity, a data signal of a positive polarity,
and a data signal of a negative polarity are written to the
pixel electrode 17a of the pixel 101, the pixel electrode
17b of the pixel 102, the pixel electrode 17c of the pixel
103, the pixel electrode 17d of the pixel 104, the pixel

electrode 17e of the pixel 105, and the pixel electrode
17f of the pixel 106, respectively. Similarly, a data signal
of a negative polarity, a data signal of a positive polarity,
a data signal of a negative polarity, a data signal of a
positive polarity, a data signal of a negative polarity, and
a data signal of a positive polarity are written to the pixel
electrode 17A of the pixel 111, the pixel electrode 17B
of the pixel 112, the pixel electrode 17C of the pixel 113,
the pixel electrode 17D of the pixel 114, the pixel elec-
trode 17E of the pixel 115, and the pixel electrode 17F
of the pixel 116, respectively.
[0049] The above driving method achieves dot-revers-
al driving.
[0050] It should be noted here that the image of Fig.
31 is displayed (a) by, during the kth horizontal scanning
period, supplying the pixel electrodes 17a and 17b, re-
spectively connected to the scanning signal lines 16a
and 16b simultaneously selected, with data signals (the
pixel electrode 17a being supplied with a data signal of
a negative polarity corresponding to gray, the pixel elec-
trode 17b being supplied with a data signal of a positive
polarity corresponding to gray) of opposite polarities and
of equal magnitude (absolute value of voltage), (b) by,
during the (k+1)th horizontal scanning period, supplying
the pixel electrodes 17c and 17d, respectively connected
to the scanning signal lines 16c and 16d simultaneously
selected, with data signals (the pixel electrode 17c being
supplied with a data signal of a negative polarity corre-
sponding to white, the pixel electrode 17b being supplied
with a data signal of a positive polarity corresponding to
black) of opposite polarities and of equal magnitude (ab-
solute value of voltage), and (c) by, during the (k+2)th
horizontal scanning period, supplying the pixel elec-
trodes 17e and 17f, respectively connected to the scan-
ning signal lines 16e and 16f simultaneously selected,
with data signals (the pixel electrode 17e being supplied
with a data signal of a negative polarity corresponding to
gray, the pixel electrode 17f being supplied with a data
signal of a positive polarity corresponding to gray) of op-
posite polarities and of equal magnitude (absolute value
of voltage).
[0051] Thus, the data signal line 15q is supplied with
a data signal of a negative polarity corresponding to gray
during the kth horizontal scanning period, is supplied with
a data signal of a negative polarity corresponding to white
during the (k+1)th horizontal scanning period, and is sup-
plied with a data signal of a negative polarity correspond-
ing to gray during the (k+2)th horizontal scanning period.
Meanwhile, the data signal line 15Q is supplied with a
data signal of a positive polarity corresponding to gray
during the kth horizontal scanning period, is supplied with
a data signal of a positive polarity corresponding to black
during the (k+1)th horizontal scanning period, and is sup-
plied with a data signal of a positive polarity correspond-
ing to gray during the (k+2)th horizontal scanning period.
That is, at the transition from the kth horizontal scanning
period to the (k+1)th horizontal scanning period, the po-
tentials of the data signals that are supplied to the data
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signal lines 15q and 15Q change in a falling direction
(negative direction), and at the transition from the (k+1)th
horizontal scanning period to the (k+2)th horizontal scan-
ning period, the potentials of the data signals that are
supplied to the data signal lines 15q and 15Q change in
a rising direction (positive direction).
[0052] For this reason, in the pixel electrode 17a, for
example, the pixel potential Va (data signal of a negative
polarity corresponding to gray) written during the kth hor-
izontal scanning period changes in a falling direction
(negative direction) in the (k+1)th horizontal scanning pe-
riod due to the parasitic capacitances Csd_aq and
Csd_aQ between the pixel electrode 17a and the data
signal lines 15q and 15Q, respectively, and changes in
a rising direction (positive direction) in the (k+2)th hori-
zontal scanning period due to the parasitic capacitances
Csd_aq and Csd_aQ between the pixel electrode 17a
and the data signal lines 15q and 15Q, respectively (see
Fig. 34).
[0053] In the present configuration, however, the pixel
electrode 17a forms capacitances CaP and Car with the
data signal lines 15P and 15r, respectively. The data sig-
nal line 15P is supplied with a data signal of a negative
polarity corresponding to gray during the kth horizontal
scanning period, is supplied with a data signal of a neg-
ative polarity corresponding to black during the (k+1)th
horizontal scanning period, and is supplied with a data
signal of a negative polarity corresponding to gray during
the (k+2)th horizontal scanning period. The data signal
line 15r is supplied with a data signal of a positive polarity
corresponding to gray during the kth horizontal scanning
period, is supplied with a data signal of a positive polarity
corresponding to white during the (k+1)th horizontal
scanning period, and is supplied with a data signal of a
positive polarity corresponding to gray during the (k+2)th
horizontal scanning period.
[0054] For this reason, in the pixel electrode 17a, the
pixel potential Va (data signal of a negative polarity cor-
responding to gray) written during the kth horizontal scan-
ning period changes in a rising direction (positive direc-
tion) in the (k+1)th horizontal scanning period due to the
capacitances CaP and Car, and changes in a falling di-
rection (negative direction) in the (k+2)th horizontal scan-
ning period due to the capacitances CaP and Car. Thus,
the changes in potential due to the parasitic capacitances
can be canceled by the changes in potential due to the
capacitances formed between the pixel electrode and
the data signal lines corresponding to both adjacent col-
umns of pixels, respectively. This makes it possible to
curb the influence of a crosstalk and thus enhance display
quality.
[0055] Similarly, in the pixel electrode 17b, the pixel
potential Vb (data signal of a positive polarity correspond-
ing to gray) written during the kth horizontal scanning
period changes in a falling direction (negative direction)
due to the parasitic capacitances Csd_bq and Csd_bQ
between the pixel electrode 17b and the data signal lines
15q and 15Q, respectively (see Fig. 34), in the (k+1)th

horizontal scanning period, but changes in a rising direc-
tion (positive direction) due to the capacitances CbP and
Cbr in the (k+1)th horizontal scanning period, and chang-
es in a rising direction (positive direction) due to the par-
asitic capacitances Csd_bq and Csd_bQ between the
pixel electrode 17b and the data signal lines 15q and
15Q, respectively (see Fig. 34), in the (k+2)th horizontal
scanning period, but changes in a falling direction (neg-
ative direction) due to the capacitances CbP and Cbr in
the (k+2)th horizontal scanning period. Thus, the chang-
es in potential due to the parasitic capacitances can be
canceled by the changes in potential due to the capaci-
tances formed between the pixel electrode and the data
signal lines corresponding to both adjacent columns of
pixels, respectively. This makes it possible to curb the
influence of a crosstalk and thus enhance display quality.

(Example Configuration 1 of a Liquid Crystal Panel)

[0056] Fig. 5 is a plan view showing a configuration of
the liquid crystal panel of Fig. 1.
[0057] In Example Configuration 1, as shown in Fig. 5,
the present liquid crystal panel 10 has a pair of (two) data
signal lines 15q and 15Q and a pair of (two) data signal
lines 15r and 15R provided so that the data signal line
15Q and the data signal line 15r are adjacent to each
other, has scanning signal lines 16a and 16b provided in
such a way as to be orthogonal to the data signal lines,
has a transistor 12a provided near an intersection be-
tween the data signal line 15q and the scanning signal
line 16a, has a transistor 12b provided near an intersec-
tion between the data signal line 15Q and the scanning
signal line 16b, has a transistor 12A provided near an
intersection between the data signal line 15r and the
scanning signal line 16a, and has a transistor 12B pro-
vided near an intersection between the data signal line
15R and the scanning signal line 16b.
[0058] The present liquid crystal panel 10 has a pixel
electrode 17a provided so that part thereof overlaps the
data signal lines 15P, 15q, 15Q, and 15r, a pixel electrode
17b provided so that part thereof overlaps the data signal
lines 15P, 15q, 15Q, and 15r, a pixel electrode 17A pro-
vided so that part thereof overlaps the data signal lines
15Q, 15r, 15R, and 15s, and a pixel electrode 17B pro-
vided so that part thereof overlaps the data signal lines
15Q, 15r, 15R, and 15s.
[0059] Further, the present liquid crystal panel 10 has
a retention capacitor wire 18a provided in such a way as
to overlap the pixel electrodes 17a and 17A and a reten-
tion capacitor wire 18b provided in such a way as to over-
lap the pixel electrodes 17b and 17B.
[0060] Moreover, the scanning signal line 16a func-
tions as the gate electrode of the transistor 12a, which
has its source electrode connected to the data signal line
15q and which has its drain electrode connected to a
capacitor electrode 37a via a drain drawing electrode
27a. The capacitor electrode 37a is provided above the
retention capacitor wire 18a and is connected to the pixel
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electrode 17a via a contact hole 11a. Further, the scan-
ning signal line 16b functions as the gate electrode of the
transistor 12b, which has its source electrode connected
to the data signal line 15Q and which has its drain elec-
trode connected to a capacitor electrode 37b via a drain
drawing electrode 27b. The capacitor electrode 37b is
provided above the retention capacitor wire 18b and is
connected to the pixel electrode 17b via a contact hole
11b.
[0061] Similarly, the scanning signal line 16a functions
as the gate electrode of the transistor 12A, which has its
source electrode connected to the data signal line 15r
and which has its drain electrode connected to a capac-
itor electrode 37A via a drain drawing electrode 27A. The
capacitor electrode 37A is provided above the retention
capacitor wire 18A and is connected to the pixel electrode
17A via a contact hole 11A. Further, the scanning signal
line 16b functions as the gate electrode of the transistor
12B, which has its source electrode connected to the
data signal line 15R and which has its drain electrode
connected to a capacitor electrode 37B via a drain draw-
ing electrode 27B. The capacitor electrode 37B is pro-
vided above the retention capacitor wire 18b and is con-
nected to the pixel electrode 17B via a contact hole 11B.
[0062] The present liquid crystal panel 10 is configured
such that the retention capacitance Cha (see Fig. 1) is
formed in a portion where the retention capacitor wire
18a and the capacitor electrode 37a overlap each other
via a gate insulating film, that the retention capacitance
Chb (see Fig. 1) is formed in a portion where the retention
capacitor wire 18b and the capacitor electrode 37b over-
lap each other via the gate insulating film, that the reten-
tion capacitance ChA (see Fig. 1) is formed in a portion
where the retention capacitor wire 18a and the capacitor
electrode 37A overlap each other via the gate insulating
film, and that the retention capacitance ChB (see Fig. 1)
is formed in a portion where the retention capacitor wire
18b and the capacitor electrode 37B overlap each other
via the gate insulating film.
[0063] Fig. 6 is a cross-sectional view taken along the
arrow X-Y of Fig. 5. As shown in Fig. 6, the present liquid
crystal panel 10 includes: an active-matrix substrate 3;
a color filter substrate 4 placed opposite the active-matrix
substrate 3; and a liquid crystal layer 5 placed between
the substrates 3 and 4. The active-matrix substrate 3 has
a glass substrate 32 on which the scanning signal line
16a (not illustrated) and the retention capacitor wire 18a
have been formed, with a gate insulating film 43 formed
so as to cover the scanning signal line 16a and the re-
tention capacitor wire 18a. Formed on the gate insulating
film 43 are the capacitor electrode 37a, the data signal
lines 15P, 15q, 15Q, and 15r, and the drain drawing elec-
trode 27a (not illustrated). Further formed on the gate
insulating film 43 are semiconductor layers (an i layer
and an n+ layer) of each transistor and source and drain
electrodes that are in contact with the n+ layer, although
not illustrated. Furthermore, the active matrix substrate
3 has an inorganic interlayer insulating film 25 formed in

such a way as to cover a metal layer containing each
data signal line and an inorganic interlayer insulating film
26 formed on the inorganic interlayer insulating film 25,
the inorganic interlayer insulating film 26 being thicker
than the inorganic interlayer insulating film 25. Formed
on the inorganic interlayer insulating film 26 are the pixel
electrodes 17a and 17A, which are covered by an align-
ment film 9. In the part where the contact hole 11a is
formed, the inorganic interlayer insulating film 25 and the
organic interlayer insulating film 26 are bored through,
so that the pixel electrode 17a and the capacitor electrode
37a are in contact with each other. Further, the retention
capacitance Cha (see Figs. 1 and 2) is formed in a portion
where the retention capacitor wire 18a and the capacitor
electrode 37a overlap each other via the gate insulating
film 43. Furthermore, the capacitance CaP (see Figs. 1
and 2) is formed in a portion where the data signal line
15P and the pixel electrode 17a overlap each other via
the inorganic interlayer insulating film 25 and the organic
interlayer insulating film 26, with the parasitic capacitanc-
es Csd_aq (see Fig. 2) formed in a portion where the
data signal line 15q and the pixel electrode 17a overlap
each other via the inorganic interlayer insulating film 25
and the organic interlayer insulating film 26, with the ca-
pacitance Car (see Figs. 1 and 2) formed in a portion
where the data signal line 15r and the pixel electrode 17a
overlap each other via the inorganic interlayer insulating
film 25 and the organic interlayer insulating film 26, and
with the parasitic capacitances Csd_aQ (see Fig. 2)
formed in a portion where the data signal line 15Q and
the pixel electrode 17a overlap each other via the inor-
ganic interlayer insulating film 25 and the organic inter-
layer insulating film 26.
[0064] Meanwhile, the color filter substrate 4 has a
glass substrate 41 on which a black matrix 13 and a color-
ed layer (color filter layer) 14 have been formed, with a
common electrode (com) 28 formed on the black matrix
13 and the color filter layer 14 and covered with an align-
ment film 19.
[0065] The foregoing has described a configuration in
which data signals are simultaneously written to pixel
electrodes respectively contained in two pixels adjacent
to each other in the column-wise direction. However, the
present invention is not to be limited to such a configu-
ration. A configuration may be such that writing to each
pixel electrode is carried out by sequentially (one by one)
selecting scanning signal lines corresponding to each
separate pixel.

(Method for Fabricating a Liquid Crystal Panel)

[0066] Next, a method for fabricating a liquid crystal
panel of the present invention is described. The method
for fabricating a liquid crystal panel includes an active-
matrix substrate fabricating step, a color filter substrate
fabricating step, and an assembling step of joining the
substrates on top of each other and filling a space be-
tween the substrates with liquid crystals.

19 20 



EP 2 590 159 B1

12

5

10

15

20

25

30

35

40

45

50

55

[0067] First, a metal film made of titanium, chromium,
aluminum, molybdenum, tantalum, tungsten, copper, or
the like, an alloy film made of an alloy thereof, or a lam-
inate film (1000 Å to 3000 Å thick) obtained by joining
such films on top of each other is formed by sputtering
on a substrate made of glass, plastic, or the like. After
that, patterning is carried out by a photolithographic tech-
nique (photo engraving process, hereinafter referred to
as "PEP technique", which includes an etching step), so
that scanning signal lines (gate electrode of each tran-
sistor) and retention capacitor wires are formed.
[0068] Next, an inorganic insulating film (approximate-
ly 3000 Å to 5000 Å thick) of silicon nitride, silicon oxide,
or the like is formed by CVD (chemical vapor deposition)
over the entire substrate on which the scanning signal
lines have been formed, and the photoresist is removed,
so that a gate insulating film is formed.
[0069] Then, an intrinsic amorphous silicon film (1000
Å to 3000 Å thick) and an n+ amorphous silicon film (ap-
proximately 400 Å to 700 Å thick) doped with phosphor
are continuously formed by CVD over the gate insulating
film (entire substrate). After that, patterning is carried out
by the PEP technique, and the photoresist is removed,
so that a silicon laminate constituted by the intrinsic amor-
phous silicon layer and the n+ amorphous silicon layer
is formed in the form of an island on the gate electrode.
[0070] Then, a metal film made of titanium, chromium,
aluminum, molybdenum, tantalum, tungsten, copper, or
the like, an alloy film made of an alloy thereof, or a lam-
inate film (1000 Å to 3000 Å thick) obtained by joining
such films on top of each other is formed by sputtering
over the entire substrate on which the silicon laminate
has been formed. After that, patterning is carried out by
the PEP technique, so that data signal lines, the source
and drain electrodes of transistors, drain drawing elec-
trodes, capacitor electrodes, and drawing wires are
formed (formation of a metal layer). The resist is removed
as needed here.
[0071] Furthermore, by using, as a mask, the photore-
sist used in formed the metal wires or the source and
drain electrodes, the n+ amorphous silicon layer consti-
tuting the silicon laminate is etched away, and the pho-
toresist is removed, so that channels in the transistors
are formed. It should be noted here that the semiconduc-
tor layer may be formed by an amorphous silicon film as
described above, but a polysilicon film may also be
formed. Further, improvements in crystallinity can be
made by performing a laser anneal process on the amor-
phous silicon film and the polysilicon film. This makes it
possible to improve the characteristics of each transistor
(TFT) with an increase in speed at which electrons move
within the semiconductor layer.
[0072] Next, an interlayer insulating film is formed over
the entire substrate on which the data signal lines and
the like have been formed. Specifically, with use of a
mixed gas of SiH4 gas and NH3 gas, an inorganic inter-
layer insulating film (passivation film) made of SiNx ap-
proximately 300 Å thick is formed by CVD in such a way

as to cover the entire surface of the substrate, and fur-
thermore, an organic interlayer insulting film made of a
positive photosensitive acrylic resin approximately 3 mm
thick is formed by spin coating or die coating.
[0073] After that, the organic interlayer insulating film
is patterned with contact holes by the PEP techniques,
and then sintered. Furthermore, by using the pattern on
the organic interlayer insulating film, the inorganic inter-
layer insulating film or the inorganic interlayer insulating
film and the gate insulating film is/are etched away, so
that the contact holes are formed.
[0074] Then, a transparent conductive film (1000 Å to
2000 Å thick) made of ITO (indium tin oxide), IZO (indium
zinc oxide), zinc oxide, tin oxide, or the like is formed by
sputtering on the interlayer insulating film over the entire
substrate in which the contact holes have been formed.
After that, patterning is carried out by the PEP technique,
and the resist is removed, so that each pixel electrode is
formed.
[0075] Finally, a polyimide resin 500 Å to 1000 Å thick
is printed on the pixel electrodes over the entire substrate.
After that, the polyimide resin is calcined, and rubbed
with rotating cloth in one direction, so that an alignment
film is formed. This is how the active-matrix substrate is
fabricated.
[0076] The following describes the color filter substrate
fabricating step.
[0077] First, a black matrix is formed by forming a chro-
mium thin film or a film of resin containing a black pigment
on a substrate (entire substrate) made of glass, plastic,
or the like and patterning the film by the PEP technique.
Next, a red, green, and blue color filter layer (approxi-
mately 2 mm thick) is pattern-formed in spaces in the
black matrix by using a pigment dispersion method.
[0078] Then, a common electrode (com) is formed by
forming a transparent conductive film (approximately
1000 Å thick) made of ITO, IZO, zinc oxide, tin oxide, or
the like on the color filter layer over the entire substrate.
[0079] Finally, a polyimide resin 500 Å to 1000 Å thick
is printed on the common electrode over the entire sub-
strate. After that, the polyimide resin is calcined, and
rubbed with rotating cloth in one direction, so that an
alignment film is formed. This is how the color filter sub-
strate is fabricated.
[0080] The following describes the assembling step.
[0081] First, a sealing material made of a thermosetting
epoxy resin is applied by screen printing onto either the
active-matrix substrate and the color filter substrate into
a frame pattern lacking a part that serves as a liquid crys-
tal inlet later, and spherical spacers each having a diam-
eter equivalent to the thickness of the liquid crystal layer
and made of plastic or silica are scattered on the other
substrate. It is possible to form spacers on the black ma-
trix of the color filter substrate or on the metal wires of
the active-matrix substrate by the PEP technique instead
of scattering spacers.
[0082] Next, the active-matrix substrate and the color
filter substrate are joined on top of each other, and the
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sealing material is cured.
[0083] Finally, the liquid crystal layer is formed by filling
the space enclosed by the active-matrix substrate, the
color filter, and the sealing material with a liquid crystal
material by an evacuation method, applying a UV-curing
resin to the liquid crystal inlet, and then sealing the liquid
crystal material by UV irradiation. This is how the liquid
crystal panel is fabricated.
[0084] It should be noted here that the liquid crystal
panel 10 shown in Fig. 1 may be configured in any one
of the following manners. The following describes other
configurations of the liquid crystal panel according to the
present invention. For convenience of explanation, a de-
scription of components identical to those of the afore-
mentioned liquid crystal panel is omitted as needed.

(Example Configuration 2 of a Liquid Crystal Panel)

[0085] Fig. 7 is an equivalent circuit diagram showing
part of a configuration of a liquid crystal panel 20 in Ex-
ample Configuration 2. The arrangement of the data sig-
nal lines, the scanning signal lines, the retention capac-
itor wires, and the pixels of the liquid crystal panel 20 of
Fig. 7 is identical to that of the liquid crystal panel 10 of
Fig. 1.
[0086] In the present liquid crystal panel 20, each pixel
is provided with a pixel electrode. The pixel 101 has its
pixel electrode 17a connected to the data signal line 15Q
via a transistor 12a connected to the scanning signal line
16a. The pixel 102 has its pixel electrode 17b connected
to the data signal line 15q via a transistor 12b connected
to the scanning signal line 16b. The pixel 103 has its pixel
electrode 17c connected to the data signal line 15Q via
a transistor 12c connected to the scanning signal line
16c. The pixel 104 has its pixel electrode 17d connected
to the data signal line 15q via a transistor 12d connected
to the scanning signal line 16d. The pixel 105 has its pixel
electrode 17e connected to the data signal line 15Q via
a transistor 12e connected to the scanning signal line
16e. The pixel 106 has its pixel electrode 17f connected
to the data signal line 15q via a transistor 12f connected
to the scanning signal line 16f.
[0087] Meanwhile, the pixel 111 has its pixel electrode
17A connected to the data signal line 15r via a transistor
12A connected to the scanning signal line 16a. The pixel
112 has its pixel electrode 17B connected to the data
signal line 15R via a transistor 12B connected to the scan-
ning signal line 16b. The pixel 113 has its pixel electrode
17C connected to the data signal line 15r via a transistor
12C connected to the scanning signal line 16c. The pixel
114 has its pixel electrode 17D connected to the data
signal line 15R via a transistor 12D connected to the
scanning signal line 16d. The pixel 115 has its pixel elec-
trode 17E connected to the data signal line 15r via a
transistor 12E connected to the scanning signal line 16e.
The pixel 116 has its pixel electrode 17F connected to
the data signal line 15R via a transistor 12F connected
to the scanning signal line 16f.

[0088] That is, unlike in the case of the configuration
of the liquid crystal panel 10 of Fig. 1, the data signal line
15Q, connected to the respective pixel electrodes (17a,
17c, 17e) of the odd-numbered pixels (101, 103, 105) of
the column of pixels β, and the data signal line 15r, con-
nected to the respective pixel electrodes (17A, 17C, 17E)
of the odd-numbered pixels (111, 113, 115) of the column
of pixels γ, are adjacent to each other.
[0089] Fig. 8 is an equivalent circuit diagram showing
the appearance of the capacitances formed in the pixels
101, 102, 111, and 112 of the liquid crystal panel 20
shown in Fig. 7. As in Fig. 2, for example, the pixel elec-
trode 17b forms parasitic capacitances Csd_bq and
Csd_bQ with the data signal lines 15q and 15Q corre-
sponding to the pixel 102, respectively, and forms the
capacitances CbP and Cbr with the data signal lines 15P
and 15r corresponding to both adjacent columns of pixels
α and γ, respectively.
[0090] Fig. 9 is a timing chart showing a method (nor-
mally black mode) for driving the liquid crystal panel 20
of Fig. 7.
[0091] According to the present driving method, as
shown in Fig. 9, two scanning signals are simultaneously
selected at a time and each data signal line is supplied
with a data signal whose polarity is reversed every single
frame period, and during the same horizontal scanning
period, two data signal lines (15p and 15P, 15q and 15Q,
15r and 15R) corresponding to the same column of pixels
are supplied with data signals of opposite polarities while
two adjacent data signal lines (15P and 15q, 15Q and
15r, 15R and 15s) are supplied with data signals of op-
posite polarities. That is, a comparison with the driving
method of Fig. 3 shows that the data signals Sq and SQ
have been interchanged.
[0092] This causes the pixel potentials (Va, Vb, VA,
VB, Vc, Vd, Ve, Vf) to change in the same way as the
pixel potentials shown in Fig. 3.
[0093] Thus, in the frame F1, as shown in Fig. 10, a
data signal of a negative polarity, a data signal of a pos-
itive polarity, a data signal of a negative polarity, a data
signal of a positive polarity, a data signal of a negative
polarity, and a data signal of a positive polarity are written
to the pixel electrode 17a of the pixel 101, the pixel elec-
trode 17b of the pixel 102, the pixel electrode 17c of the
pixel 103, the pixel electrode 17d of the pixel 104, the
pixel electrode 17e of the pixel 105, and the pixel elec-
trode 17f of the pixel 106, respectively. Similarly, a data
signal of a positive polarity, a data signal of a negative
polarity, a data signal of a positive polarity, a data signal
of a negative polarity, a data signal of a positive polarity,
and a data signal of a negative polarity are written to the
pixel electrode 17A of the pixel 111, the pixel electrode
17B of the pixel 112, the pixel electrode 17C of the pixel
113, the pixel electrode 17D of the pixel 114, the pixel
electrode 17E of the pixel 115, and the pixel electrode
17F of the pixel 116, respectively.
[0094] Further, in the frame F2, as shown in Fig. 10, a
data signal of a positive polarity, a data signal of a neg-
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ative polarity, a data signal of a positive polarity, a data
signal of a negative polarity, a data signal of a positive
polarity, and a data signal of a negative polarity are writ-
ten to the pixel electrode 17a of the pixel 101, the pixel
electrode 17b of the pixel 102, the pixel electrode 17c of
the pixel 103, the pixel electrode 17d of the pixel 104,
the pixel electrode 17e of the pixel 105, and the pixel
electrode 17f of the pixel 106, respectively. Similarly, a
data signal of a negative polarity, a data signal of a pos-
itive polarity, a data signal of a negative polarity, a data
signal of a positive polarity, a data signal of a negative
polarity, and a data signal of a positive polarity are written
to the pixel electrode 17A of the pixel 111, the pixel elec-
trode 17B of the pixel 112, the pixel electrode 17C of the
pixel 113, the pixel electrode 17D of the pixel 114, the
pixel electrode 17E of the pixel 115, and the pixel elec-
trode 17F of the pixel 116, respectively. The present driv-
ing method achieves dot-reversal driving.
[0095] In the present configuration, the data signal line
15q is supplied with a data signal of a positive polarity
corresponding to gray during the kth horizontal scanning
period, is supplied with a data signal of a positive polarity
corresponding to black during the (k+1)th horizontal
scanning period, and is supplied with a data signal of a
positive polarity corresponding to gray during the (k+2)th
horizontal scanning period. Meanwhile, the data signal
line 15Q is supplied with a data signal of a negative po-
larity corresponding to gray during the kth horizontal
scanning period, is supplied with a data signal of a neg-
ative polarity corresponding to white during the (k+1)th
horizontal scanning period, and is supplied with a data
signal of a negative polarity corresponding to gray during
the (k+2)th horizontal scanning period. That is, at the
transition from the kth horizontal scanning period to the
(k+1)th horizontal scanning period, the potentials of the
data signals that are supplied to the data signal lines 15q
and 15Q change in a falling direction (negative direction),
and at the transition from the (k+1)th horizontal scanning
period to the (k+2)th horizontal scanning period, the po-
tentials of the data signals that are supplied to the data
signal lines 15q and 15Q change in a rising direction (pos-
itive direction).
[0096] For this reason, in the pixel electrode 17a, the
pixel potential Va (data signal of a negative polarity cor-
responding to gray) written during the kth horizontal scan-
ning period changes in a falling direction (negative direc-
tion) in the (k+1)th horizontal scanning period due to the
parasitic capacitances Csd_aq and Csd_aQ between the
pixel electrode 17a and the data signal lines 15q and
15Q, respectively, and changes in a rising direction (pos-
itive direction) in the (k+2)th horizontal scanning period
due to the parasitic capacitances Csd_aq and Csd_aQ
between the pixel electrode 17a and the data signal lines
15q and 15Q, respectively (see Fig. 34).
[0097] In the present configuration, however, the pixel
electrode 17a forms capacitances CaP and Car with the
data signal lines 15P and 15r, respectively. The data sig-
nal line 15P is supplied with a data signal of a negative

polarity corresponding to gray during the kth horizontal
scanning period, is supplied with a data signal of a neg-
ative polarity corresponding to black during the (k+1)th
horizontal scanning period, and is supplied with a data
signal of a negative polarity corresponding to gray during
the (k+2)th horizontal scanning period. The data signal
line 15r is supplied with a data signal of a positive polarity
corresponding to gray during the kth horizontal scanning
period, is supplied with a data signal of a positive polarity
corresponding to white during the (k+1)th horizontal
scanning period, and is supplied with a data signal of a
positive polarity corresponding to gray during the (k+2)th
horizontal scanning period.
[0098] For this reason, in the pixel electrode 17a, the
pixel potential Va (data signal of a negative polarity cor-
responding to gray) written during the kth horizontal scan-
ning period changes in a rising direction (positive direc-
tion) in the (k+1)th horizontal scanning period due to the
capacitances CaP and Car, respectively, and changes
in a falling direction (negative direction) in the (k+2)th
horizontal scanning period due to the capacitances CaP
and Car. This makes it possible to curb the influence of
a crosstalk and thus enhance display quality, as in Ex-
ample Configuration 1.
[0099] Fig. 11 is a plan view showing Example Config-
uration 2 of the liquid crystal panel 20 of Fig. 7. The
present liquid crystal panel 20 has its transistor 12a pro-
vided near an intersection between the data signal line
15Q and the scanning signal line 16a, has its transistor
12b provided near an intersection between the data sig-
nal line 15q and the scanning signal line 16b, has its
transistor 12A provided near an intersection between the
data signal line 15r and the scanning signal line 16a, and
has its transistor 12B provided near an intersection be-
tween the data signal line 15R and the scanning signal
line 16b. The other components of the liquid crystal panel
20 of Fig. 7 are identical to those of the liquid crystal panel
10 of Fig. 5.

(Example Configuration 3 of a Liquid Crystal Panel)

[0100] Fig. 12 is an equivalent circuit diagram showing
part of a configuration of a liquid crystal panel 30 in Ex-
ample Configuration 3. The liquid crystal panel 30 of Fig.
12 has data signal lines 15P, 15q, 15Q, 15r, 15R, and
15s arranged in this order, and has scanning signal lines
16ab, 16cd, and 16ef extending in the row-wise direction
(in the drawing, a horizontal direction) and arranged in
this order. The liquid crystal panel 30 has pixels 101 and
102 provided at intersections between the data signal
lines 15q and 15Q and the scanning signal line 16ab,
pixels 103 and 104 provided at intersections between the
data signal lines 15q and 15Q and the scanning signal
line 16cd, and pixels 105 and 106 provided at intersec-
tions between the data signal lines 15q and 15Q and the
scanning signal line 16ef. Similarly, the liquid crystal pan-
el 30 has pixels 111 and 112 provided at intersections
between the data signal lines 15r and 15R and the scan-
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ning signal line 16ab, pixels 113 and 114 provided at
intersections between the data signal lines 15r and 15R
and the scanning signal line 16cd, and pixels 115 and
116 provided at intersections between the data signal
lines 15r and 15R and the scanning signal line 16ef.
[0101] Further, the liquid crystal panel 30 has a reten-
tion capacitor wire 18g provided for the pixels 101 and
111, a retention capacitor wire 18h provided for the pixels
102, 112, 103, and 113, a retention capacitor wire 18i
provided for the pixels 104, 114, 105, and 115, a retention
capacitor wire 18j provided for the pixels 106 and 116.
[0102] The liquid crystal panel 30 has a retention ca-
pacitance Cha formed between the retention capacitor
wire 18g and the pixel electrode 17a, a retention capac-
itance Chb formed between the retention capacitor wire
18h and the pixel electrode 17b, a retention capacitance
Chc formed between the retention capacitor wire 18h and
the pixel electrode 17c, a retention capacitance Chd
formed between the retention capacitor wire 18i and the
pixel electrode 17d, a retention capacitance Che formed
between the retention capacitor wire 18i and the pixel
electrode 17e, and a retention capacitance Chf formed
between the retention capacitor wire 18j and the pixel
electrode 17f. Similarly, the liquid crystal panel 30 has a
retention capacitance ChA formed between the retention
capacitor wire 18g and the pixel electrode 17A, a reten-
tion capacitance ChB formed between the retention ca-
pacitor wire 18h and the pixel electrode 17B, a retention
capacitance ChC formed between the retention capacitor
wire 18h and the pixel electrode 17C, a retention capac-
itance ChD formed between the retention capacitor wire
18i and the pixel electrode 17D, a retention capacitance
ChE formed between the retention capacitor wire 18i and
the pixel electrode 17E, and a retention capacitance ChF
formed between the retention capacitor wire 18j and the
pixel electrode 17F.
[0103] Fig. 13 is an equivalent circuit diagram showing
the appearance of the capacitances formed in the pixels
101, 102, 103, 111, 112, and 113 of the liquid crystal
panel 30 of Fig. 12. As in Fig. 2, for example, the pixel
electrode 17b forms parasitic capacitances Csd_bq and
Csd_bQ with the data signal lines 15q and 15Q corre-
sponding to the pixel 102, respectively, and forms the
capacitances CbP and Cbr with the data signal lines 15P
and 15r corresponding to both adjacent columns of pixels
α and γ, respectively.
[0104] Fig. 14 is a timing chart showing a method (nor-
mally black mode) for driving the liquid crystal panel 30
of Fig. 12. It should be noted that the reference sings
GPab, GPcd, and GPef refer to data signals that are sup-
plied to the scanning signal lines 16ab, 16cd, and 16ef,
respectively.
[0105] According to the present driving method, as
shown in Fig. 14, one scanning signal is selected at a
time and each data signal line is supplied with a data
signal whose polarity is reversed every single frame pe-
riod, and during the same horizontal scanning period,
two data signal lines (15p and 15P, 15q and 15Q, 15r

and 15R) corresponding to the same column of pixels
are supplied with data signals of opposite polarities while
two adjacent data signal lines (15P and 15q, 15Q and
15r, 15R and 15s) are supplied with data signals of the
same polarity. Changes in each separate pixel electrode
are identical to those shown in the timing chart of Fig. 3,
and as such, are not described here.
[0106] Fig. 15 is a plan view showing Example Config-
uration 3 of the liquid crystal panel 30 of Fig. 12.
[0107] As shown in Fig. 15, the present liquid crystal
panel 30 has a pair of (two) data signal lines 15q and
15Q and a pair of (two) data signal lines 15r and 15R
provided so that the data signal line 15Q and the data
signal line 15r are adjacent to each other, and has its
scanning signal lines 16ab and 16cd provided in such a
way as to be orthogonal to the data signal lines. Moreo-
ver, the present liquid crystal panel 30 has its transistor
12a provided near an intersection between the data sig-
nal line 15q and the scanning signal line 16ab, has its
transistor 12b provided near an intersection between the
data signal line 15Q and the scanning signal line 16ab,
has its transistor 12A provided near an intersection be-
tween the data signal line 15r and the scanning signal
line 16ab, and has its transistor 12B provided near an
intersection between the data signal line 15R and the
scanning signal line 16ab. Further, the present liquid
crystal panel 30 has its transistor 12c provided near an
intersection between the data signal line 15q and the
scanning signal line 16cd, has its transistor 12d provided
near an intersection between the data signal line 15Q
and the scanning signal line 16cd, has its transistor 12C
provided near an intersection between the data signal
line 15r and the scanning signal line 16cd, and has its
transistor 12D provided near an intersection between the
data signal line 15R and the scanning signal line 16cd.
[0108] The present liquid crystal panel 30 has its pixel
electrodes 17a, 17b, 17c, and 17d provided so that parts
thereof overlap the data signal lines 15P, 15q, 15Q, and
15r, respectively, and has its pixel electrodes 17A, 17B,
17C, and 17D provided so that parts thereof overlap the
data signal lines 15Q, 15r, 15R, and 15s, respectively.
[0109] Further, the present liquid crystal panel 30 has
its retention capacitor wire 18g provided in such a way
as to overlap the pixel electrodes 17a and 17A, has its
retention capacitor wire 18h provided in such a way as
to overlap the pixel electrodes 17b, 17B, 17c, and 17C,
and has its retention capacitor wire 18i provided in such
a way as to overlap the pixel electrodes 17d and 17D.
[0110] Moreover, the scanning signal line 16ab func-
tions as the gate electrode of the transistor 12a, which
has its source electrode connected to the data signal line
15q and which has its drain electrode connected to a
capacitor electrode 37a via a drain drawing electrode
27a. The capacitor electrode 37a is provided above the
retention capacitor wire 18g and is connected to the pixel
electrode 17a via a contact hole 11a. Further, the scan-
ning signal line 16ab functions as the gate electrode of
the transistor 12b, which has its source electrode con-
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nected to the data signal line 15Q and which has its drain
electrode connected to a capacitor electrode 37b via a
drain drawing electrode 27b. The capacitor electrode 37b
is provided above the retention capacitor wire 18h and
is connected to the pixel electrode 17b via a contact hole
11b.
[0111] Similarly, the scanning signal line 16cd func-
tions as the gate electrode of the transistor 12c, which
has its source electrode connected to the data signal line
15q and which has its drain electrode connected to a
capacitor electrode 37c via a drain drawing electrode
27c. The capacitor electrode 37c is provided above the
retention capacitor wire 18h and is connected to the pixel
electrode 17c via a contact hole 11c. Further, the scan-
ning signal line 16cd functions as the gate electrode of
the transistor 12d, which has its source electrode con-
nected to the data signal line 15Q and which has its drain
electrode connected to a capacitor electrode 37d via a
drain drawing electrode 27d. The capacitor electrode 37d
is provided above the retention capacitor wire 18i and is
connected to the pixel electrode 17d via a contact hole
11d. The pixel electrodes 17A, 17B, 17C, and 17D are
identical in configuration to the aforementioned pixel
electrodes 17a, 17b, 17c, and 17d.
[0112] The present liquid crystal panel 30 is configured
such that the retention capacitance Cha (see Fig. 12) is
formed in a portion where the retention capacitor wire
18g and the capacitor electrode 37a overlap each other
via a gate insulating film, that the retention capacitance
Chb (see Fig. 12) is formed in a portion where the reten-
tion capacitor wire 18h and the capacitor electrode 37b
overlap each other via the gate insulating film, that the
retention capacitance Chc (see Fig. 12) is formed in a
portion where the retention capacitor wire 18h and the
capacitor electrode 37c overlap each other via the gate
insulating film, and that the retention capacitance Chd
(see Fig. 12) is formed in a portion where the retention
capacitor wire 18i and the capacitor electrode 37d over-
lap each other via the gate insulating film.
[0113] The present liquid crystal panel 30 provides
each set of two pixels with one scanning signal line and
one retention capacitor wire and therefore can reduce
the number of scanning signal lines and retention capac-
itor wires in comparison with the liquid crystal panel 10
shown in Fig. 1. This allows for a higher aperture ratio,
thus allowing improved efficiency in the use of light. It
should be noted that the number and arrangement of
scanning signal lines and retention capacitor wires can
be determined as needed according to the purpose for
which the liquid crystal panel is used.

(Example Configuration 4 of a Liquid Crystal Panel)

[0114] Fig. 16 is an equivalent circuit diagram showing
part of a configuration of a liquid crystal panel 40 in Ex-
ample Configuration 4. In the present liquid crystal panel
40 of Fig. 16, each pixel is provided with two pixel elec-
trodes. The pixel 101 has its pixel electrode 17am con-

nected to the data signal line 15q via a transistor 12am
connected to the scanning signal line 16a, and has its
pixel electrode 17as connected to the data signal line
15q via a transistor 12as connected to the scanning sig-
nal line 16a. The pixel 102 has its pixel electrode 17bm
connected to the data signal line 15Q via a transistor
12bm connected to the scanning signal line 16b, and has
its pixel electrode 17bs connected to the data signal line
15Q via a transistor 12bs connected to the scanning sig-
nal line 16b. The pixel 103 has its pixel electrode 17cm
connected to the data signal line 15q via a transistor 12cm
connected to the scanning signal line 16c, and has its
pixel electrode 17cs connected to the data signal line 15q
via a transistor 12cs connected to the scanning signal
line 16c.
[0115] Further, the pixel 111 has its pixel electrode
17Am connected to the data signal line 15r via a transistor
12Am connected to the scanning signal line 16a, and has
its pixel electrode 17As connected to the data signal line
15r via a transistor 12As connected to the scanning signal
line 16a. The pixel 112 has its pixel electrode 17Bm con-
nected to the data signal line 15R via a transistor 12Bm
connected to the scanning signal line 16b, and has its
pixel electrode 17Bs connected to the data signal line
15R via a transistor 12Bs connected to the scanning sig-
nal line 16b. The pixel 113 has its pixel electrode 17Cm
connected to the data signal line 15r via a transistor 12Cm
connected to the scanning signal line 16c, and has its
pixel electrode 17Vs connected to the data signal line
15r via a transistor 12Cs connected to the scanning signal
line 16c.
[0116] The liquid crystal panel 30 has a retention ca-
pacitance Chas formed between the retention capacitor
wire 18g and the pixel electrode 17as, a retention capac-
itance Cham formed between the retention capacitor wire
18h and the pixel electrode 17am, a retention capaci-
tance Chbs formed between the retention capacitor wire
18h and the pixel electrode 17bs, a retention capacitance
Chbm formed between the retention capacitor wire 18i
and the pixel electrode 17bm, a retention capacitance
Chcs formed between the retention capacitor wire 18i
and the pixel electrode 17cs, and a retention capacitance
Chcm formed between the retention capacitor wire 18j
and the pixel electrode 17cm. Similarly, the liquid crystal
panel 30 has a retention capacitance ChAs formed be-
tween the retention capacitor wire 18g and the pixel elec-
trode 17As, a retention capacitance ChAm formed be-
tween the retention capacitor wire 18h and the pixel elec-
trode 17Am, a retention capacitance ChBs formed be-
tween the retention capacitor wire 18h and the pixel elec-
trode 17Bs, a retention capacitance ChBm formed be-
tween the retention capacitor wire 18i and the pixel elec-
trode 17Bm, a retention capacitance ChCs formed be-
tween the retention capacitor wire 18i and the pixel
electrode 17Cs, and a retention capacitance ChCm
formed between the retention capacitor wire 18j and the
pixel electrode 17Cm.
[0117] By applying the driving method shown in Fig. 3
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to the foregoing configuration, the aforementioned ef-
fects can be brought about. Furthermore, in this example
configuration, Cs signals that are supplied to the retention
capacitor wires are level-shifted, in addition to the driving
method shown in Fig. 3. In the pixel 102, for example, a
Cs signal that is supplied to the retention capacitor wire
18i and a Cs signal that is supplied to the retention ca-
pacitor wire 18h are level-shifted in opposite directions
(rising and falling directions) after the end of scanning of
the scanning signal line 16b. This makes it possible to
cause the potential of either of two subpixels bm and bs
respectively containing the pixel electrodes 17bm and
17bs to become higher than the potential written from
the data signal line 15Q and cause the potential of the
other subpixel to become lower than the written potential,
so that the subpixel bm and bs have different luminances.
For example, the Cs signal that is supplied to the retention
capacitor wire 18i is level-shifted (raised) from "L" to "H"
after the end of scanning of the scanning signal line 16b,
while the Cs signal that is supplied to the retention ca-
pacitor wire 18h is level-shifted (dropped) from "H" to "L"
after the end of scanning of the scanning signal line 16b.
This makes it possible to cause the potential of the sub-
pixel bm containing the pixel electrode 17bm to become
higher than the potential written from the data signal line
15Q and cause the potential of the subpixel bs containing
the pixel electrode 17bs to become lower than the written
potential, so that the subpixels bm and bs serve as a
bright subpixel and a dark subpixel, respectively, in the
case where the written potential is of a positive polarity.
[0118] Thus, the present liquid crystal panel 40 can
display a halftone by using bright and dark subpixels and
can therefore enhance viewing angle characteristics.

(Example Configuration 5 of a Liquid Crystal Panel)

[0119] The aforementioned Example Configurations 1
to 4 are configured to carry out dot-reversal driving. How-
ever, the present invention is not limited to this, but may
be configured to carry out line-reversal driving.
[0120] Fig. 17 is an equivalent circuit diagram showing
part of a configuration of a liquid crystal panel 50 in Ex-
ample Configuration 5. Fig. 18 is an equivalent circuit
diagram showing the appearance of capacitances
formed in pixels 101, 102, 111, and 112 of the present
liquid crystal panel 50. The configuration of the present
liquid crystal panel 50 is identical to that of the liquid crys-
tal panel 10 shown in Fig. 1, and as such, is not described
below.
[0121] Fig. 19 is a timing chart showing a method (nor-
mally black mode) for driving the present liquid crystal
panel 50.
[0122] According to the present driving method, as
shown in Fig. 19, two scanning signals are simultane-
ously selected at a time and each data signal line is sup-
plied with a data signal whose polarity is reversed every
single frame period, and during the same horizontal scan-
ning period, two data signal lines (15p and 15P, 15q and

15Q, 15r and 15R) corresponding to the same column
of pixels are supplied with data signals of opposite po-
larities while two adjacent data signal lines (15P and 15q,
15Q and 15r, 15R and 15s) are supplied with data signals
of opposite polarities. Thus, as shown in Fig. 20, line-
reversal driving is achieved.
[0123] Moreover, the present driving method makes it
possible to suppress display unevenness that occurs
when such a checkered pattern image as shown in Fig.
21 is displayed.
[0124] That is, as shown in Fig. 18, the data signal line
15q is supplied with a data signal of a positive polarity
corresponding to gray during the kth horizontal scanning
period (e.g., including the writing period for the pixel elec-
trode 17a), is supplied with a data signal of a positive
polarity corresponding to white during the (k+1)th hori-
zontal scanning period (e.g., including the writing period
for the pixel electrode 17c), and is supplied with a data
signal of a positive polarity corresponding to gray during
the (k+2)th horizontal scanning period (e.g., including the
writing period for the pixel electrode 17e). Meanwhile,
the data signal line 15Q is supplied with a data signal of
a negative polarity corresponding to gray during the kth
horizontal scanning period (e.g., including the writing pe-
riod for the pixel electrode 17b), is supplied with a data
signal of a negative polarity corresponding to black during
the (k+1)th horizontal scanning period (e.g., including the
writing period for the pixel electrode 17d), and is supplied
with a data signal of a negative polarity corresponding to
gray during the (k+2)th horizontal scanning period (e.g.,
including the writing period for the pixel electrode 17f).
That is, at the transition from the kth horizontal scanning
period to the (k+1)th horizontal scanning period, the po-
tentials of the data signals that are supplied to the data
signal lines 15q and 15Q change in a rising direction (pos-
itive direction), and at the transition from the (k+1)th hor-
izontal scanning period to the (k+2)th horizontal scanning
period, the potentials of the data signals that are supplied
to the data signal lines 15q and 15Q change in a falling
direction (negative direction).
[0125] For this reason, in the pixel electrode 17a, for
example, the pixel potential Va (data signal of a positive
polarity corresponding to gray) written during the kth hor-
izontal scanning period changes in a rising direction (pos-
itive direction) in the (k+1)th horizontal scanning period
due to the parasitic capacitances Csd_aq and Csd_aQ
between the pixel electrode 17a and the data signal lines
15q and 15Q, respectively, and changes in a falling di-
rection (negative direction) in the (k+2)th horizontal scan-
ning period due to the parasitic capacitances Csd_aq
and Csd_aQ between the pixel electrode 17a and the
data signal lines 15q and 15Q, respectively. This causes
display unevenness to occur.
[0126] In the present configuration, however, the pixel
electrode 17a forms capacitances CaP and Car with the
data signal lines 15P and 15r, respectively. The data sig-
nal line 15P is supplied with a data signal of a negative
polarity corresponding to gray during the kth horizontal
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scanning period, is supplied with a data signal of a neg-
ative polarity corresponding to white during the (k+1)th
horizontal scanning period, and is supplied with a data
signal of a negative polarity corresponding to gray during
the (k+2)th horizontal scanning period. The data signal
line 15r is supplied with a data signal of a positive polarity
corresponding to gray during the kth horizontal scanning
period, is supplied with a data signal of a positive polarity
corresponding to black during the (k+1)th horizontal
scanning period, and is supplied with a data signal of a
positive polarity corresponding to gray during the (k+2)th
horizontal scanning period.
[0127] For this reason, in the pixel electrode 17a, the
pixel potential Va (data signal of a positive polarity cor-
responding to gray) written during the kth horizontal scan-
ning period changes in a falling direction (negative direc-
tion) in the (k+1)th horizontal scanning period due to the
capacitances CaP and Car, respectively, and changes
in a rising direction (positive direction) in the (k+2)th hor-
izontal scanning period due to the capacitances CaP and
Car. Thus, the changes in potential due to the parasitic
capacitances can be canceled by the changes in poten-
tial due to the capacitances formed between the pixel
electrode and the data signal lines corresponding to both
adjacent columns of pixels, respectively. This makes it
possible to curb the influence of a crosstalk and thus
enhance display quality.
[0128] Similarly, in the pixel electrode 17b, the pixel
potential Vb (data signal of a negative polarity corre-
sponding to gray) written during the kth horizontal scan-
ning period changes in a rising direction (positive direc-
tion) due to the parasitic capacitances Csd_bq and
Csd_bQ between the pixel electrode 17b and the data
signal lines 15q and 15Q, respectively, but changes in a
falling direction (negative direction) due to the capaci-
tances CbP and Cbr in the (k+1)th horizontal scanning
period, and changes in a falling direction (positive direc-
tion) due to the parasitic capacitances Csd_bq and
Csd_bQ between the pixel electrode 17b and the data
signal lines 15q and 15Q, respectively, but changes in a
falling direction (negative direction) due to the capaci-
tances CbP and Cbr in the (k+2)th horizontal scanning
period. Thus, the changes in potential due to the parasitic
capacitances can be canceled by the changes in poten-
tial due to the capacitances formed between the pixel
electrode and the data signal lines corresponding to both
adjacent columns of pixels, respectively. This makes it
possible to curb the influence of a crosstalk and thus
enhance display quality.
[0129] Thus, even a configuration in which line-revers-
al driving is carried out makes it possible to suppress
display unevenness that occurs in the column-wise di-
rection.
[0130] By interchanging the polarities of the data sig-
nals that are supplied to the data signal lines 115q and
15Q in each of the liquid crystal panels of Example Con-
figurations 2 to 4, line-reversal driving can be achieved,
and display unevenness that occurs in such a checkered

pattern display image as shown in Fig. 21 can be sup-
pressed.

(Configurations of a Liquid Crystal Display Unit and a 
Liquid Crystal Display Apparatus)

[0131] Finally, example configurations of a liquid crys-
tal display unit and a liquid crystal display apparatus of
the present invention are described. In each of the ex-
ample configurations, the present liquid crystal display
unit and the present liquid crystal display apparatus are
configured in the following manner. That is, two polarizers
A and B are attached to both sides of the liquid crystal
panel, respectively, so that the polarizers A and B have
their axes of polarization orthogonal to each other. Each
of the polarizers may have an optical compensator or the
like joined on top thereof. Next, as shown in (a) of Fig.
22, drivers (gate driver 202, source driver 201) are con-
nected. An example is described here where the drivers
are connected by a TCP (tape carrier package) method.
First, an ACF (anisotropic conductive film) is temporarily
pressured-bonded to the terminal parts of the liquid crys-
tal panel. Next, the TCPs on which the drivers have been
placed are punched out from the carrier tape, aligned
with the panel terminal electrodes, heated, and then per-
manently pressure-bonded. After that, circuit substrates
203 (PWB: printed wiring board) for coupling the driver
TCPs to each other and the input terminals of the TCPs
are connected via the ACF, whereby a liquid crystal dis-
play unit 200 is completed. After that, as shown in (b) of
Fig. 22, a display control circuit 209 is conned to each
driver (201, 202) of the liquid crystal display unit 200 via
the circuit substrates 203, and the liquid crystal display
unit 200 is integrated with an illumination device (back-
light unit) 204, whereby a liquid crystal display apparatus
210 is obtained.
[0132] (a) of Fig. 23 shows, in the present liquid crystal
display apparatus, a configuration of a source driver in a
case where a refresh period is provided. For conven-
ience, the latch circuits and the DAC circuits (digital-an-
alog circuits) are omitted. As shown in (a) of Fig. 23, the
source driver in this case is provided with buffers 31 cor-
responding to each separate data signal line, data output
switches SWa, and refresh switches SWb. Each of the
buffers 31 is supplied with corresponding data d, and has
its output connected via the data output switch SWa to
an output terminal to the data signal line. Further, two
adjacent data signal lines have their respective output
terminals connected to each other via a refresh switch
Swb. That is, the refresh switches SWb are connected
in series with each other and each have an end connect-
ed to a refresh potential supply source 35 (Vcom). It
should be noted here that each of the data output switch-
es SWa has its gate terminal supplied with a charge share
signal sh via an inverter 33, and that each of the refresh
switches SWb has its gate terminal supplied with the
charge share signal sh.
[0133] The source driver shown in (a) of Fig. 23 may
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be configured as shown in (b) of Fig. 23. That is, the
source driver shown in (a) of Fig. 23 may be configured
such that refresh switches SWc are connected only to
each separate data signal line and the refresh potential
supply source 35 (Vcom) and that the refresh switches
SWc are not connected in series. This makes it possible
to quickly supply refresh potentials to each separate data
signal line.
[0134] Although the configuration of the source driver
described above uses Vcom as a refresh potential, this
does not imply any limitation. For example, it is possible
to calculate in advance an appropriate refresh potential
in accordance with the level of a signal potential supplied
to a data signal line during the immediately preceding
horizontal scanning period and a signal potential to be
supplied to the same data signal line during the current
horizontal scanning line, and to supply the refresh poten-
tial to the data signal line. A configuration of the source
driver in this case is shown in Fig. 24. the source driver
thus configured is provided with data output buffers 110
corresponding to each separate data signal line, refresh
buffers 111 corresponding to each separate data signal
line, data output switches SWa, refresh switches SWe.
Each of the data output buffers 110 is supplied with cor-
responding data d, and has its output connected via the
data output switch SWa to an output terminal to the data
signal line. Each of the refresh buffers 111 is supplied
with corresponding nonvisual data N (data correspond-
ing to an optimal refresh potential determined in accord-
ance with the level of a signal potential supplied to a data
signal line during the immediately preceding horizontal
scanning period and a signal potential to be supplied to
the same data signal line during the current horizontal
scanning line), and has its output connected via the data
output switch SWe to an output terminal to the data signal
line.
[0135] The term "polarity of a potential" as used in the
present application means whether the potential is high
(positive) or low (negative) with respect to a reference
potential. The reference potential here may be Vcom
(common potential), which is the potential of the common
electrode (counter electrode), or may be any other po-
tential.
[0136] Fig. 25 is a block diagram showing a configu-
ration of the present liquid crystal display apparatus. As
shown in Fig. 25, the present liquid crystal display appa-
ratus includes a display section (liquid crystal panel), a
source driver (SD), a gate driver (GD), and a display con-
trol circuit. The source driver drives the data signal lines.
The gate driver drives the scanning signal lines. The dis-
play control circuit controls the source driver and the gate
driver.
[0137] The display control circuit receives a digital vid-
eo signal Dv, a horizontal synchronizing signal HSY, a
vertical synchronizing signal VSY, and a control signal
Dc from an external signal source (e.g., a tuner). The
digital video signal Dv represents an image to be dis-
played. The horizontal synchronizing signal HSY and the

vertical synchronizing signal VSY correspond to the dig-
ital video signal Dv. The control signal Dc serves to con-
trol a display operation. Further, the display control circuit
generates a data start pulse signal SSP, a data clock
signal SCK, a charge share signal sh, a digital image
signal DA (which is a signal corresponding to the video
signal Dv), a gate start pulse signal GSP, a gate clock
signal GCK, and a gate driver output control signal (scan-
ning signal output control signal) GOE in accordance with
the signals Dv, HSY, VSY, and Dc thus received, and
then outputs the signals SSP, SCK, sh, DA, GSP, GCK,
and GOE. The signals SSP, SCK, sh, DA, GSP, GCK,
and GOE serve as signals for causing the display section
to display the image represented by the digital video sig-
nal Dv. The digital image signal DA represents the image
to be displayed.
[0138] More specifically, after adjusting the timing and
the like of the video signal Dv as needed in an internal
memory, the display control circuit outputs the video sig-
nal Dv as the digital image signal DA, generates the data
clock signal SCK as a signal composed of pulses corre-
sponding to each separate pixel of the image represented
by the digital image signal DA, generates the data start
pulse signal SSP in accordance with the horizontal syn-
chronizing signal HSY as a signal that is at a high level
(H level) for a predetermined period of time every single
horizontal scanning period, generates the gate start
pulse signal GSP in accordance with the vertical syn-
chronizing signal VSY as a signal that is at a H level for
a predetermined period of time every single frame period
(single vertical scanning period), generates the gate
clock signal GCK in accordance with the horizontal syn-
chronizing signal HSY, and generates the charge share
signal sh and the gate driver output control signal GOE
in accordance with the horizontal synchronizing signal
HSY and the control signal Dc.
[0139] Of the signals thus generated by the display
control circuit, the digital image signal DA, the charge
share signal sh, a signal POL for controlling the polarity
of a signal potential (data signal potential), the data start
pulse signal SSP, and the data clock signal SCK are in-
putted to the source driver, and the gate start pulse signal
GSP, the gate clock signal GCK, and the gate driver out-
put control signal GEO are inputted to the gate driver.
[0140] In accordance with the digital image signal DA,
the data clock signal SCK, the charge share signal sh,
the data start pulse signal SSP, and the polarity reversal
signal POL, the source driver generates analog poten-
tials (signal potentials) in sequence every single horizon-
tal scanning period, the analog potentials being equiva-
lent to the values of pixels in each scanning signal line
of the image represented by the digital image signal DA,
and then outputs these data signals to data signal lines
(e.g., 15q and 15Q).
[0141] The gate driver generates a gate on pulse signal
in accordance with the gate start pulse signal GSP, the
gate clock signal GCK, and the gate driver output control
signal GOE and outputs these signals to the scanning
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signal lines, thereby selectively driving the scanning sig-
nal lines.
[0142] By the source driver and the gate driver thus
driving the data signal lines and the scanning signal lines
of the display section (liquid crystal panel), a signal po-
tential is written to each pixel electrode through a data
signal line via a transistor (TFT) connected to the scan-
ning signal line selected. This causes a voltage to be
applied to the liquid crystal layer of each subpixel, where-
by the amount of transmission of light from the backlight
is controlled and the image represented by the digital
video signal Dv is displayed in each subpixel.
[0143] Next, an example configuration is described in
which the present is applied to a television receiver. Fig.
26 is a block diagram showing a configuration of a liquid
crystal display apparatus 800 for use in a television re-
ceiver. The liquid crystal display apparatus 800 includes
a liquid crystal display unit 84, a Y/C separation circuit
80, a video chroma circuit 81, an A/D converter 82, a
liquid crystal controller 83, a backlight driving circuit 85,
a backlight 86, a microcomputer 87, and a gradation cir-
cuit 88. It should be noted that the liquid crystal display
unit 84 is constituted by a liquid crystal panel and source
and gate drivers for driving the liquid crystal panel.
[0144] In the liquid crystal display apparatus 800 thus
configured, the Y/C separation circuit 80 receives a com-
posite color picture signal Scv serving as a television
signal from an outside source, separates the composite
color picture signal Scv into a luminance signal and a
color signal, and sends the luminance signal and the color
signal to the video chroma circuit 81. The video chroma
circuit 81 converts the luminance signal and the color
signal into an analog RGB signal corresponding to three
primary colors of light, and sends the analog RGB signal
to the A/D converter 82. The A/D converter 82 converts
the analog RGB signal into a digital RGB signal, and
sends the digital RGB signal to the liquid crystal controller
83. Meanwhile, the Y/C separation circuit 80 extracts hor-
izontal and vertical synchronizing signals from the com-
posite color picture signal Scv sent from the outside
source, and sends these synchronizing signals to the liq-
uid crystal controller 83 via the microcomputer 87.
[0145] The liquid crystal display unit 84 receives the
digital RGB signal from the liquid crystal controller 83 at
a predetermined timing together with a timing signal
based on the synchronizing signals. Further, the grada-
tion circuit 88 generates the respective gradation poten-
tials of the three primary colors R, G, and B of a color
display, and supplies these gradation potentials to the
liquid crystal display unit 84. The liquid crystal display
unit 84 uses its internal source and gate drivers and the
like to generate driving signals (data signals = signal po-
tentials, scanning signals, etc.) in accordance with the
RGB signal, the timing signal, and the gradation poten-
tials, and uses its internal liquid crystal panel to display
a color image in accordance with the driving signals. In
order for an image to be displayed by the liquid crystal
display unit 84, it is necessary to irradiate the back of the

liquid crystal panel provided in the liquid crystal display
unit with light. In this liquid crystal display apparatus 800,
the back surface of the liquid crystal panel is irradiated
with light by the backlight driving circuit 85 driving the
backlight 86 under control of the microcomputer 87.
Overall control of the system, including the above proc-
ess, is carried out by the microcomputer 87. As a picture
signal (composite color picture signal) that is sent from
an outside source, a picture signal that is taken by a cam-
era, a picture signal that is supplied via an Internet line,
or the like, as well as a picture signal based on a television
broadcast, can be used. The liquid crystal display appa-
ratus 800 is capable of displaying images based on var-
ious picture signals.
[0146] In a case where the liquid crystal display appa-
ratus 800 displays an image based on a television broad-
cast, a tuner section 90 is connected to the liquid crystal
display apparatus 800 as shown in Fig. 27, whereby the
present television receiver 601 is configured. The tuner
section 90 extracts, from among received waves (high-
frequency signals) received by an antenna (not illustrat-
ed), a signal of the channel to be received, converts the
signal into an intermediate frequency signal, and detects
the intermediate frequency signal, thereby extracting a
composite color picture signal Scv as a television signal.
The tuner section 90 sends the composite color picture
signal Scv to the liquid crystal display apparatus 800 as
already explained, and the liquid crystal display appara-
tus 800 displays an image based on the composite color
picture signal Scv.
[0147] It should be noted that the present liquid crystal
display apparatus can also be applied to a digital televi-
sion. The present digital television is schematically con-
figured to include a speaker, a digital broadcasting an-
tenna, a digital tuner, a digital demodulation section, a
separation section (DMUX), a video decode/capture sec-
tion, a picture processing section, a display control sec-
tion, an audio decode section, an sound output control
section, a select section, an EPG/OSD reservation
processing section, a remote controller light-receiving
section, a communication control section, a nonvolatile
memory, an IP broadcasting tuner, and a CPU. A well-
known configuration can be applied to each component
of the present digital television except for the components
of the present liquid crystal display apparatus.
[0148] Fig. 28 is an exploded perspective view showing
an example configuration of the present television receiv-
er. As shown in Fig. 28, the present television receiver
601 has as its components a first housing 801 and a
second housing 806 in addition to the liquid crystal dis-
play apparatus 800, and is configured such that the liquid
crystal display apparatus 800 is sandwiched between the
first housing 801 and the second housing 806 in an en-
compassing manner. The first housing 801 is provided
with an opening 801a through which an image displayed
on the liquid crystal display apparatus 800 is transmitted.
Meanwhile, the second housing 802 covers the back of
the liquid crystal display apparatus 800, and is provided
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with an operation circuit 805 for operating the liquid crys-
tal display apparatus 800. Attached to the lower side of
the second housing 12 is a supporting member 808.
[0149] As described above, a display device according
to the present invention is a display device including: a
plurality of scanning signal lines; and a plurality of data
signal lines, two of which are provided for each column
of pixels containing a plurality of pixels arranged in a col-
umn-wise direction in which the data signal lines extend,
in each column of pixels, a pixel electrode contained in
either of two pixels adjacent to each other in the column-
wise direction and a pixel electrode contained in the other
one of the two pixels adjacent to each other being con-
nected to different data signal lines via transistors, re-
spectively, for a first, a second, and a third columns of
pixels arranged in sequence, each pixel electrode con-
tained in the second column of pixels forming a capaci-
tance with either of the two data signal lines provided for
the first column of pixels and forming a capacitance with
either of the two data signal lines provided for the third
column of pixels.
[0150] According to the foregoing configuration, the in-
fluence of a crosstalk due to parasitic capacitances
formed between each pixel electrode and data signal
lines corresponding to the pixel, respectively, can be
curbed by capacitances formed between that pixel elec-
trode and data signal lines corresponding to both adja-
cent columns of pixels, respectively. This makes it pos-
sible to suppress a change in pixel potential in each pixel
electrode and thus enhance the display quality of the
liquid crystal display apparatus.
[0151] The display device can also be configured such
that for the first, the second, and the third columns of
pixels arranged in sequence, each pixel electrode con-
tained in the first column of pixels forms a capacitance
with either of the two data signal lines provided for the
second column of pixels, and each pixel electrode con-
tained in the third column of pixels forms a capacitance
with the other one of the two data signal lines provided
for the second column of pixels.
[0152] The display device can also be configured such
that each pixel electrode contained in the second column
of pixels is placed in such a way as to overlap either of
the two data signal lines provided for the first column of
pixels and is placed in such a way as to overlap either of
the two data signal lines provided for the third column of
pixels.
[0153] The display device can also be configured such
that: each pixel electrode contained in the first column of
pixels is placed in such a way as to overlap either of the
two data signal lines provided for the second column of
pixels; and each pixel electrode contained in the third
column of pixels is placed in such a way as to overlap
the other one of the two data signal lines provided for the
second column of pixels.
[0154] The display device can also be configured such
that: N (where N is an integer of 1 or greater) of the scan-
ning signal lines is/are simultaneously selected at a time;

and a pixel electrode contained in either of two pixels
adjacent to each other in the column-wise direction and
a pixel electrode contained in the other one of the two
pixels adjacent to each other are connected to transis-
tors, respectively, each of which is connected to N scan-
ning signal lines that are simultaneously selected.
[0155] The display device can also be configured such
that: N is 2 so that two of the scanning signal lines are
simultaneously selected at a time; and the pixel electrode
contained in either of the two pixels adjacent to each
other is connected to a transistor connected to either of
two scanning signal lines that are simultaneously select-
ed, and the pixel electrode contained in the other one of
the two pixels adjacent to each other is connected to a
transistor connected to the other one of the two scanning
signal lines that are simultaneously selected.
[0156] The display device can also be configured such
that during an identical horizontal scanning period, the
two data signal lines provided for each column of pixels
are supplied with data signals that are different in polarity
from each other.
[0157] The display device can also be configured such
that each pixel is provided with a plurality of pixel elec-
trode.
[0158] To the display device, dot-reversal driving or
line-reversal driving can be applied.
[0159] A liquid crystal display apparatus includes such
a display device. A television receiver includes: such a
liquid crystal display apparatus; and a tuner section which
receives a television broadcast.
[0160] The present invention is not limited to the de-
scription of the embodiments above. An embodiment
based on a proper alteration of the embodiment or on a
proper combination of the embodiments is encompassed
in the embodiments of the present invention.

Industrial Applicability

[0161] A liquid crystal panel of the present invention is
suitable, for example, to a liquid crystal television.

Reference Signs List

[0162]

10, 20, 30, 40, 50 Liquid crystal panel
101 to 106, 111 to 116 Pixel
a to f, A to F Pixel
12a to 12f, 12A to 12F Transistor
15p, 15P, 15q, 15Q, 15r, 15R, 15s, 15S Data signal
line
16a to 16f, 16ab, 16cd, 16ef Scanning signal line
17a to 17f, 17A to 17F Pixel electrode
18a to 18f, 18g, 18h, 18i Retention capacitor wire
α Column of pixels (first column of pixels)
β Column of pixels (second column of pixels)
γ Column of pixels (third column of pixels)
84 Liquid crystal display unit
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601 Television receiver
800 Liquid crystal display apparatus (display device)

Claims

1. A display device comprising:

a plurality of scanning signal lines (16a to 16f,
16ab, 16cd, 16ef); and
a plurality of data signal lines (15p, 15P, 15q,
15Q, 15r, 15R, 15s, 15S), two of which are pro-
vided for each column of pixels (α, β, γ) contain-
ing a plurality of pixels (101 to 106, 11 to 116, a
to f, A to F) arranged in a column-wise direction
in which the data signal lines extend,
in each column of pixels, a pixel electrode (17a
to 17f, 17A to 17F) contained in either of two
pixels adjacent to each other in the column-wise
direction and a pixel electrode contained in the
other one of the two pixels adjacent to each other
being connected to different data signal lines via
transistors (12a to 12f, 12A to 12F), respectively,
for a first, a second, and a third columns of pixels
arranged in sequence, each pixel electrode con-
tained in the second column of pixels (β) forming
a capacitance with either of the two data signal
lines provided for the first column of pixels (α)
and forming a capacitance with either of the two
data signal lines provided for the third column
of pixels (γ), the display device being configured
to simultaneously select two of the scanning sig-
nal lines at a time, and
the pixel electrode contained in either of the two
pixels adjacent to each other in the column-wise
direction being connected to a transistor con-
nected to either of two scanning signal lines that
are simultaneously selected, and the pixel elec-
trode contained in the other one of the two pixels
adjacent to each other being connected to a
transistor connected to the other one of the two
scanning signal lines that are simultaneously se-
lected, characterized in that
each pixel electrode contained in the second col-
umn of pixels being placed in such a way as to
overlap a second data signal line corresponding
to the first column of pixels and a first data signal
line corresponding to the second column of pix-
els and being placed in such a way as to overlap
a second data signal line corresponding to the
second column of pixels and a first data signal
line corresponding to the third column of pixels.

2. The display device as set forth in claim 1, wherein
for the first, the second, and the third columns of
pixels arranged in sequence, each pixel electrode
contained in the first column of pixels forms a capac-
itance with either of the two data signal lines provided

for the second column of pixels, and each pixel elec-
trode contained in the third column of pixels forms a
capacitance with the other one of the two data signal
lines provided for the second column of pixels.

3. The display device as set forth in claim 2, wherein:
each pixel electrode contained in the first column of
pixels is placed in such a way as to overlap either of
the two data signal lines provided for the second col-
umn of pixels; and
each pixel electrode contained in the third column of
pixels is placed in such a way as to overlap the other
one of the two data signal lines provided for the sec-
ond column of pixels.

4. The display device as set forth in any one of claims
1 to 3, wherein during an identical horizontal scan-
ning period, the display device is adapted to supply
the two data signal lines provided for each column
of pixels with data signals that are different in polarity
from each other.

5. The display device as set forth in claim 1, wherein
each pixel is provided with a plurality of pixel elec-
trode.

6. The display device as set forth in claim 1, adapted
to achieve dot-reversal driving or line-reversal driv-
ing.

7. A liquid crystal display apparatus (800) comprising
a display device as set forth in any one of claims 1
to 6.

8. A television receiver (601) comprising:

a liquid crystal display apparatus as set forth in
claim 7; and
a tuner section which receives a television
broadcast.

Patentansprüche

1. Anzeigevorrichtung, umfassend:

eine Vielzahl von Scan-Signalleitungen (16a bis
16f, 16ab, 16cd, 16ef); und
eine Vielzahl von Daten-Signalleitungen (15p,
15P, 15q, 15Q, 15r, 15R, 15s, 15S), von denen
zwei für jede Spalte von Pixel (α, β, γ) vorgese-
hen sind, die eine Vielzahl von Pixel (101 bis
106, 111 bis 116, a bis f, A bis F) enthalten, die
in Spaltenrichtung angeordnet sind, in der sich
die Daten-Signalleitungen erstrecken,
wobei in jeder Spalte von Pixel eine Pixelelekt-
rode (17a bis 17f, 17A bis 17F), die in einem von
zwei, in der Spaltenrichtung einander benach-
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barten Pixel enthalten ist, und eine Pixelelekt-
rode, die in dem anderen der zwei, einander be-
nachbarten Pixel enthalten ist, über Transisto-
ren (12a bis 12f, 12A bis 12F) jeweils mit ver-
schiedenen Daten-Signalleitungen verbunden
sind,
für eine erste, eine zweite und eine dritte Spalte
von Pixel, die in einer Sequenz angeordnet sind,
jede Pixelelektrode, die in der zweiten Spalte
von Pixel (β) enthalten ist, eine Kapazität mit
einer der zwei Daten-Signalleitungen bildet, die
für die erste Spalte von Pixel (α) vorgesehen
sind, und eine Kapazität mit einer der zwei Da-
ten-Signalleitungen bildet, die für die dritte Spal-
te von Pixel (γ) vorgesehen sind,
wobei die Anzeigevorrichtung dafür eingerichtet
ist, jeweils zwei der Scan-Signalleitungen
gleichzeitig auszuwählen, und
die Pixelelektrode, die in einem der zwei Pixel
enthalten ist, die in der Spaltenrichtung einander
benachbart sind, mit einem Transistor verbun-
den ist, der mit einer der zwei Scan-Signallei-
tungen verbunden ist, die gleichzeitig ausge-
wählt werden, und die Pixelelektrode, die in dem
anderen der zwei, einander benachbarten Pixel
enthalten ist, mit einem Transistor verbunden
ist, der mit der anderen der zwei Scan-Signal-
leitungen verbunden ist, die gleichzeitig ausge-
wählt werden, dadurch gekennzeichnet, dass
jede, in der zweiten Spalte von Pixel enthaltene
Pixelelektrode auf solch eine Weise platziert ist,
dass sie eine zweite Daten-Signalleitung ent-
sprechend der ersten Spalte von Pixel und eine
erste Daten-Signalleitung entsprechend der
zweiten Spalte von Pixel überdeckt, und auf sol-
che eine Weise platziert ist, dass sie eine zweite
Daten-Signalleitung entsprechend der zweiten
Spalte von Pixel und eine erste Daten-Signal-
leitung entsprechend der dritten Spalte von Pi-
xel überdeckt.

2. Anzeigevorrichtung nach Anspruch 1, wobei für die
erste, die zweite und die dritte Spalte von Pixel, die
in einer Sequenz angeordnet sind, jede, in der ersten
Spalte von Pixel enthaltene Pixelelektrode eine Ka-
pazität mit einer der zwei Daten-Signalleitungen bil-
det, die für die zweite Spalte von Pixel vorgesehen
sind, und jede, in der dritten Spalte von Pixel enthal-
tene Pixelelektrode eine Kapazität mit der anderen
der zwei Daten-Signalleitungen bildet, die für die
zweite Spalte von Pixel vorgesehen sind.

3. Anzeigevorrichtung nach Anspruch 2, wobei:

jede, in der ersten Spalte von Pixel enthaltene
Pixelelektrode auf solch eine Weise platziert ist,
dass sie eine der zwei Daten-Signalleitungen
überdeckt, die für die zweite Spalte von Pixel

vorgesehen sind; und
jede, in der dritten Spalte von Pixel enthaltene
Pixelelektrode auf solch eine Weise platziert ist,
dass sie die andere der zwei Daten-Signallei-
tungen überdeckt, die für die zweite Spalte von
Pixel vorgesehen sind.

4. Anzeigevorrichtung nach einem der Ansprüche 1 bis
3, wobei während einer identischen horizontalen
Scanperiode die Anzeigevorrichtung dafür geeignet
ist, die zwei Daten-Signalleitungen, die für jede Spal-
te von Pixel vorgesehen sind, mit Datensignalen zu
versorgen, die in einer Polarität voneinander ver-
schieden sind.

5. Anzeigevorrichtung nach Anspruch 1, wobei jedes
Pixel mit einer Vielzahl von Pixelelektroden verse-
hen ist.

6. Anzeigevorrichtung nach Anspruch 1, dafür geeig-
net, eine Punkt-Umpolungsansteuerung oder eine
Zeilen-Umpolungsansteuerung zu erreichen.

7. Flüssigkristallanzeigegerät (800), umfassend eine
Anzeigevorrichtung nach einem der Ansprüche 1 bis
6.

8. Fernsehempfänger (601), umfassend:

ein Flüssigkristallanzeigegerät nach Anspruch
7; und
einen Tuner, welcher eine Fernsehübertragung
empfängt.

Revendications

1. Appareil d’affichage comprenant :

plusieurs lignes de signaux de balayage (16a à
16f, 16ab, 16cd, 16ef) ; et
plusieurs lignes de signaux de données (15p,
15P, 15q, 15Q, 15r, 15R, 15s, 15S), dont deux
sont prévues pour chaque colonne de pixels (α,
β, γ) contenant plusieurs pixels (101 à 106, 111
à 116, a à f, A à F) disposés dans le sens des
colonnes dans lequel les lignes de signaux de
données s’étendent,
dans chaque colonne de pixels, une électrode
de pixel (17a à 17f, 17A à 17F) contenue dans
l’un de deux pixels voisins, dans le sens d’une
colonne, et une électrode de pixel contenue
dans l’autre des deux pixels voisins étant reliées
à différentes lignes de signaux de données par
l’intermédiaire de transistors (12a à 12f, 12A à
12F), respectivement,
pour des première, deuxième et troisième co-
lonnes de pixels disposées à la suite, chaque
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électrode de pixel contenue dans la deuxième
colonne de pixels (β) formant une capacité avec
l’une des deux lignes de signaux de données
prévues pour la première colonne de pixels (α)
et formant une capacité avec l’une des deux li-
gnes de signaux de données prévues pour la
troisième colonne de pixels (γ),
le dispositif d’affichage étant conçu pour sélec-
tionner simultanément deux des lignes de si-
gnaux de balayage à la fois, et
l’électrode de pixel contenue dans l’un des deux
pixels voisins, dans le sens de la colonne, étant
reliée à un transistor relié à l’une de deux lignes
de signaux de balayage qui sont sélectionnées
simultanément, et l’électrode de pixel contenue
dans l’autre des deux pixels voisins étant reliée
à un transistor relié à l’autre des deux lignes de
signaux de balayage qui sont sélectionnées si-
multanément,
chaque électrode de pixel contenue dans la
deuxième colonne de pixels étant placée de ma-
nière à recouvrir une deuxième ligne de signaux
de données correspondant à la première colon-
ne de pixels et une première ligne de signaux
de données correspondant à la deuxième co-
lonne de pixels, et étant placée de manière à
recouvrir une deuxième ligne de signaux de don-
nées correspondant à la deuxième colonne de
pixels et une première ligne de signaux de don-
nées correspondant à la troisième colonne de
pixels.

2. Dispositif d’affichage tel qu’il est présenté dans la
revendication 1, dans lequel pour les première,
deuxième et troisième colonnes de pixels disposées
à la suite, chaque électrode de pixel contenue dans
la première colonne de pixels forme une capacité
avec l’une des deux lignes de signaux de données
prévues pour la deuxième colonne de pixels, et cha-
que électrode de pixel contenue dans la troisième
colonne de pixels forme une capacité avec l’autre
des deux lignes de signaux de données prévues
pour la deuxième colonne de pixels.

3. Dispositif d’affichage tel qu’il est présenté dans la
revendication 2, dans lequel :

chaque électrode de pixel contenue dans la pre-
mière colonne de pixels est placée de manière
à recouvrir l’une des deux lignes de signaux de
données prévues pour la deuxième colonne de
pixels ; et
chaque électrode de pixel contenue dans la troi-
sième colonne de pixels est placée de manière
à recouvrir l’autre des deux lignes de signaux
de données prévues pour la deuxième colonne
de pixels.

4. Dispositif d’affichage tel qu’il est présenté dans l’une
quelconque des revendications 1 à 3, dans lequel
pendant une période de balayage horizontal identi-
que, le dispositif d’affichage est apte à fournir aux
deux lignes de signaux de données prévues pour
chaque colonne de pixels des signaux de données
de polarités différentes.

5. Dispositif d’affichage tel qu’il est présenté dans la
revendication 1, dans lequel chaque pixel est pourvu
de plusieurs électrodes de pixel.

6. Dispositif d’affichage tel qu’il est présenté dans la
revendication 1, apte à réaliser une commande d’in-
version de polarité, ou une commande d’inversion
de ligne.

7. Appareil d’affichage à cristaux liquides (800) com-
prenant un dispositif d’affichage tel qu’il est présenté
dans l’une quelconque des revendications 1 à 6.

8. Récepteur de télévision (601) comprenant :

un appareil d’affichage à cristaux liquides com-
prenant un dispositif d’affichage tel qu’il est pré-
senté dans la revendication 7 ; et
une section de syntoniseur qui reçoit une diffu-
sion télévisuelle.

45 46 



EP 2 590 159 B1

25



EP 2 590 159 B1

26



EP 2 590 159 B1

27



EP 2 590 159 B1

28



EP 2 590 159 B1

29



EP 2 590 159 B1

30



EP 2 590 159 B1

31



EP 2 590 159 B1

32



EP 2 590 159 B1

33



EP 2 590 159 B1

34



EP 2 590 159 B1

35



EP 2 590 159 B1

36



EP 2 590 159 B1

37



EP 2 590 159 B1

38



EP 2 590 159 B1

39



EP 2 590 159 B1

40



EP 2 590 159 B1

41



EP 2 590 159 B1

42



EP 2 590 159 B1

43



EP 2 590 159 B1

44



EP 2 590 159 B1

45



EP 2 590 159 B1

46



EP 2 590 159 B1

47



EP 2 590 159 B1

48



EP 2 590 159 B1

49



EP 2 590 159 B1

50



EP 2 590 159 B1

51



EP 2 590 159 B1

52



EP 2 590 159 B1

53



EP 2 590 159 B1

54



EP 2 590 159 B1

55



EP 2 590 159 B1

56



EP 2 590 159 B1

57



EP 2 590 159 B1

58

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 2008136759 A1 [0004]
• US 5659375 A [0005]
• US 2008068524 A1 [0006]

• US 2007132684 A1 [0007]
• JP 10253987 A [0008]


	bibliography
	description
	claims
	drawings
	cited references

